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iew  of  the  Hopi  Buttes  from  the  north  side  of  the  Jeddito  V  alley.  In  the  foreground  is  an  area  of  stabilized  dunes. 
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PREFACE 


THE  following  monograph,  “The  Changing 
Physical  Environment  of  the  Hopi  Indians 
of  Arizona,”  by  Dr.  John  T.  Hack,  is  the  first 
of  the  final  reports  of  the  Peabody  Museum 
Awatovi  Expedition.  Consequently,  it  seems  de¬ 
sirable  at  this  time  to  put  forward  a  brief  state¬ 
ment  of  the  Expedition’s  aims  and  accomplish¬ 
ments  and  an  outline  of  the  publication  scheme, 
as  well  as  a  short  account  of  Dr.  Hack’s  associa¬ 
tion  with  the  Expedition. 

The  Awatovi  Expedition  grew  out  of  the  inter¬ 
est  of  Mr.  William  H.  Claflin,  Jr.,  in  the  pre¬ 
history  of  the  Hopi  country.  His  acquaintance 
with  the  Hopi  Indians  and  with  the  numerous 
ruins  in  the  vicinity  of  the  modern  pueblos  began 
in  1912  and  led  to  a  faith  in  the  archaeological 
possibilities  of  the  Jeddito  Valley. 

At  his  suggestion  and  with  his  support  the 
Peabody  Museum  Awatovi  Expedition  conducted 
five  years’  field  research,  1935-1939,  in  the 
drainage  of  the  Jeddito  River,  which  lies  partly 
in  the  Hopi  and  partly  in  the  Navaho  Indian 
Reservations,  northeastern  Arizona,  between  35° 
and  36°  N.  Lat.,  in  the  American  Southwest.  The 
area  includes  the  Jeddito  Valley,  Antelope  Mesa, 
Roberts  Mesa,  Tallahogan  Valley,  and  Bluebird 
Canyon  (fig.  8).  Twenty-one  sites  were  ex¬ 
cavated,  a  site  survey  of  the  Jeddito  drainage  was 
made,  and  numerous  specialized  studies  were 
undertaken. 

The  five  field  seasons,  1935  to  1939,  were  sup¬ 
ported  by  the  Exploration  F  und  of  the  Peabody 
Museum  and  by  the  liberal  contributions  of  Mr. 
and  Mrs.  William  H.  Claflin,  Jr.,  Mr.  and  Mrs. 
Raymond  Emerson,  Mr.  Henry  S.  Morgan,  and 
Mr.  and  Mrs.  Phillip  R.  Allen,  whose  generosity 
made  possible  the  prosecution  of  extensive  studies 
in  many  allied  fields,  the  following  up  of  all 
productive  leads,  and  the  maintenance  of  a  large 
competent  staff,  the  members  of  which  are  listed 
on  p.  xi. 

Ifie  Jeddito  area  contains,  besides  the  great 
ruin  of  Awatovi,  the  remains  of  five  other  large 
pueblos  and  hundreds  of  smaller  villages  and 
farm  houses  built  and  occupied  at  various  times 
from  about  500  A.D.  to  the  present.  Awatovi 
alone  covers  23  acres  and  it  is  estimated  that  it 
contains  some  5000  rooms,  of  which  the  Expedi¬ 
tion  excavated  approximately  1 300.  Ifie  rooms 


had  not  all  been  in  use  simultaneously  but  mark 
an  occupation  from  sometime  in  the  1 3th  to  the 
beginning  of  the  18th  centuries.  In  addition  to 
the  Indian  buildings  a  large  Spanish  Eranciscan 
missionary  establishment  existed  at  Awatovi 
during  the  17th  century.  The  extensive  ruin  of 
Awatovi  and  the  smaller  sites  nearby  thus  pre¬ 
sented  to  the  investigators  on  the  Expedition 
staff  nearly  1500  years  of  buried  history. 

One  of  the  most  important  aspects  of  the 
study  is  the  fact  that  the  history  so  preserved 
represents  an  unbroken  current  of  cultural  de¬ 
velopment  which  is  still  flowing  in  the  modern 
Hopi  towns  and  farms.  Thus  we  have  at  hand 
one  of  the  ideal  situations  in  archaeology  where 
the  archaeologist  can  use  effectively  the  re¬ 
searches  of  ethnologists,  comparing  the  living 
culture  of  the  present  with  that  of  the  past, 
insofar  as  the  latter  may  be  deduced  and  recon¬ 
structed  from  the  evidence  in  the  ruins.  The  Awa¬ 
tovi  Expedition  has  been  particularly  fortunate  in 
this  respect  through  the  discovery  of  240  paint¬ 
ings  on  the  walls  of  kivas,  the  subterranean  cere¬ 
monial  chambers  of  the  Pueblo  Indians.  The 
murals  were  fragmentary,  although  in  a  few 
cases  almost  complete;  yet  they  have  produced  a 
rich  record  of  the  clothing,  tools,  weapons,  con¬ 
tainers,  head-dress,  and  ceremonial  objects,  in¬ 
cluding  masks,  prayer  sticks,  and  altar  furnish¬ 
ings,  which  may  be  compared  with  objects  in 
modem  Hopi  and  other  modem  cultures.  Simi¬ 
larly,  agricultural  practices  and  other  aspects  of 
the  adjustment  of  prehistoric  life  in  the  Jeddito  to 
its  physical  environment  have  been  compared 
with  the  achievements  of  the  modem  Hopi  in  this 
regard,  as  shown  in  the  following  report  by  I)r. 
Hack  and  in  a  forthcoming  report  by  Mr.  Yolney 
H.  Jones,  the  ethnobotanist  of  the  expedition.  In 
these  studies  we  have  endeavored  to  avoid  the 
error  charged,  unfortunately  often  with  justice, 
against  archaeology  in  the  past,  of  ignoring  the 
wealth  of  information  available  in  the  numerous 
ethnological,  historical,  physiographical,  and  socio¬ 
logical  studies  of  the  Southwest,  information  of 
inestimable  value  for  imparting  life  and  meaning 
to  the  dust  and  debris  of  archaeology. 

The  invaluable  and  often  self-sacrificing  co¬ 
operation  of  numerous  people  in  the  field  and  in 
the  museum,  including  technical  assistants,  local 
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residents,  members  of  other  scientific  institu¬ 
tions,  students,  and  Government  officials,  will  be 
acknowledged  in  appropriate  places  throughout 
the  reports.  Permission  for  the  field  work  was 
granted  by  the  United  States  Department  of  the 
Interior.  As  in  the  past,  we  were  greatly  assisted 
and  encouraged  by  the  friendly  interest  and  ex¬ 
tensive  knowledge,  based  upon  a  lifetime’s  experi¬ 
ence  in  the  Southwest,  continually  placed  at  our 
disposal  by  Mr.  Jesse  L.  Nusbaum,  Consulting 
Archaeologist  of  the  Department  of  the  Interior. 
On  the  Reservations  we  received  much  help  from 
Mr.  Alexander  G.  Hutton  and  Mr.  Seth  Wilson, 
superintendents  of  the  Hopi  Indian  Agency  during 
the  field  work,  by  Mr.  E.  R.  Fryer,  superin¬ 
tendent  of  the  Navaho  Agency,  and  by  Mr.  Roy 
Potter,  superintendent  of  Emergency  Conserva¬ 
tion  Works  at  Kearns  Canyon. 

Throughout  the  Awatovi  research  the  Peabody 
Museum  has  received  the  helpful  cooperation  of 
other  scientific  institutions  and  agencies  working 
in  the  Southwest.  These  include:  the  Museum  of 
Northern  Arizona,  the  Arizona  State  Museum 
and  the  Department  of  Anthropology  at  the  Uni¬ 
versity  of  Arizona,  Gila  Pueblo  Museum,  Pueblo 
Grande  Museum,  and  the  Amerind  Foundation, 
all  in  Arizona;  the  Southwest  Museum  in  Los 
Angeles,  the  Los  Angeles  County  Museum,  the 
Laboratory  of  Anthropology  at  Santa  Fe,  the 
Department  of  Anthropology  at  the  University 
of  New  Mexico,  The  Museum  of  Ethnobotany 
of  the  University  of  Michigan,  the  Carnegie 
Institution  of  Washington,  the  Department  of 
Anthropology  of  the  University  of  Chicago,  the 
Field  Museum  of  Natural  History,  and  the  Bureau 
of  American  Ethnology. 

As  stated  above,  a  complete  list  of  the  mem¬ 
bers  of  the  staff  of  the  Awatovi  Expedition  will  be 
found  on  p.  xi. 

While  the  Expedition  was  in  the  field  and  in 
the  intervals  between  seasons,  one  of  its  greatest 
benefactors  was  Mr.  Wilmer  C.  Roberts,  pro¬ 
prietor  of  the  Jeddito  I  rading  Post.  Our  gratitude 
to  him  and  to  his  charming  wife  is  heartily  shared 
by  the  numerous  visitors  to  our  camp  and  by 
all  students  and  travelers  familiar  with  the 
Reservation.  His  activities  as  agent  for  the  Ex¬ 
pedition,  his  excellent  scientific  and  historical 
library  of  the  Southwest,  and  his  gracious  hospi¬ 
tality  contributed  immeasurably  to  the  success  of 
our  enterprise  and  to  the  happiness  of  our  staff. 

1  his  was  particularly  true  in  the  case  of  Dr. 
Hack,  the  author  of  this  report,  at  whose  dis¬ 


posal  Mr.  Roberts  placed  his  extensive  physio¬ 
graphic  knowledge  of  the  region. 

The  fact  that  we  should  need  a  geologist  and 
physiographer  on  the  staff  became  apparent  dur¬ 
ing  the  first  season.  A  brief  survey  of  the  ruins 
of  the  area  and  the  towns  and  fields  of  the  modem 
inhabitants  sufficed  to  draw  attention  to  the  un¬ 
usual  opportunities  for  study  of  problems  of  the 
interrelation  of  man  and  his  physical  environ¬ 
ment.  As  these  problems  took  concrete  shape 
they  were  discussed  with  Dr.  Kirk  Bryan,  Asso¬ 
ciate  Professor  of  Physiography  at  Harvard  Uni¬ 
versity.  He  suggested  that  his  student,  John  T. 
Hack,  be  added  to  the  staff  of  the  Expedition. 
Dr.  Hack  joined  us  in  1937,  taking  up  the  study 
of  the  geology  and  physiography  of  the  Western 
Navaho  country  where  H.  E.  Gregory  left  it, 
and  continuing  the  study  of  modem  Hopi  agri¬ 
culture  begun  by  C.  Daryll  Forde. 

Dr.  Hack’s  studies  include  a  survey  of  the 
general  geology  of  the  region;  special  investiga¬ 
tions  of  water  supply,  sand  dunes,  and  alluvial 
deposition  in  the  valleys,  particularly  in  relation 
to  modem  and  ancient  agricultural  practices;  and 
a  study  of  prehistoric  coal  mining,  previously 
known  to  have  been  practiced  in  the  Hopi 
country,  but  never  examined  in  detail.  These 
studies  are  incorporated  in  the  following  reports 
and  constitute  the  most  complete  presentation  of 
the  relation  between  Pueblo  agricultural  peoples 
and  their  physical  environment. 

The  value  of  his  work  is  more  than  purely 
academic  during  this  period  when  the  United 
States  Department  of  Agriculture  and  the  Bureau 
of  Indian  Affairs  are  engaged  in  extensive  studies 
of  land  erosion,  arroyo  cutting,  and  over-grazing, 
and  are  attempting  to  increase  the  agricultural 
yield  of  the  Hopis  and  Navahos.  For  example,  Dr. 
Hack  shows  conclusively  that  there  are  important 
factors  other  than  over-grazing  which  must  be 
taken  into  account  in  considering  the  recent  loss 
of  surface  soil  through  erosion  and  the  current 
elimination  of  flood-water  fields  through  the 
lowering  of  the  water-table  in  many  valleys.  His 
report  thus  may  be  included  under  the  heading  of 
a  new  branch  of  anthropology  which  is  coming  to 
be  known  as  applied  anthropology. 

Dr.  Hack’s  second  paper  in  the  Awatovi  Series, 
\  ol.  XXX\  No.  2,  deals  with  coal  mining  and 
will  be  of  great  interest  to  archaeologists,  par¬ 
ticularly  to  those  who  have  noticed  the  high  per¬ 
centage  of  coal  ash  in  the  debris  of  ruins  in  the 
Hopi  country.  Although  local  prehistoric  use  of 
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coal  had  been  noted  previously,  the  extent  of  this 
use  in  the  heating  of  buildings  and  in  the  firing 
of  pottery  came  as  a  surprise  to  the  expedition 
staff.  The  great  number  of  “firing  heaps”  in  the 
Jeddito  Valley  was  first  called  to  my  attention  in 
1935  by  Mr.  Aldcn  B.  Stevens,  who  was  then 
engaged  in  making  a  preliminary  reconnaissance 
map  of  the  archaeological  sites.  Dr.  Hack,  upon 
joining  the  Expedition,  conducted  excavations  in 
some  of  these  and  exposed  sections  of  the  faces 
of  coal  seams  where  prehistoric  miners  had  been 
at  work.  Further  description  of  the  use  of  coal  by 
the  early  potters  and  householders  will  appear  in 
later  reports. 

I  wish  also  to  express  here  my  keen  personal 
enjoyment  of  my  very  pleasant  association  with 
Dr.  Hack  in  this  work.  His  active  cooperation 
in  the  affairs  of  the  camp  and  his  many  valuable 
suggestions  pertaining  to  branches  of  the  project 
outside  his  own  were  of  great  assistance  to  me 
and  to  other  members  of  the  staff,  particularly  to 
Mr.  Volney  Jones,  our  ethnobotanist,  making 
similar  studies  of  the  relationship  of  the  Pueblo 
Indians  to  their  plant  environment. 

The  air  photographs  which  Dr.  Hack  uses  to 
illustrate  his  report  were  provided  through  the 
generosity  of  Mr.  Ansel  F.  Hall,  Director  of  the 
Rainbow  Bridge — Monument  Valley  Expedition. 
The  photographs  were  taken  by  Mr.  Edward 
Pierrepont  Beckwith  from  a  plane  owned  and 
piloted  by  Miss  Amy  H.  Andrews  of  New  York. 
Forty-one  pictures  were  taken  during  the  1937 
season.  The  ones  not  used  in  this  paper  will  ap¬ 
pear  as  illustrative  material  in  subsequent  reports. 

As  indicated  by  the  summary  statement  earlier 
in  this  preface,  the  Awatovi  Expedition  was  active 
in  various  fields.  The  program  included  many 
studies  outside  the  confines  of  “ordinary  archae¬ 
ology.”  Dr.  Hack’s  report  embodies  the  very 
important  results  of  one  of  these  studies.  It  was 
the  policy  of  the  expedition  to  encourage  the 
cooperation  of  students  in  other  branches  of 
learning  who  believed  that  their  techniques  could 
appreciably  augment  the  strictly  archaeological 
approach  to  the  problems  of  prehistory.  I  his 
policy  has  been  justified  beyond  all  expectation. 

SUMMARY  OF  THE  FIVE-YEAR 
PROGRAM 

During  the  five  field  seasons,  1935  to  1939,  the 
accomplishments  of  the  Awatovi  Expedition  were 
as  follows. 

I.  21  sites  were  excavated  entirely  or  in  part, 


extending  chronologically  from  approximately 
the  6th  century,  A.D.,  to  the  early  part  of  the 
18th  century,  A.D. 

II.  At  those  21  sites,  approximately  1500 
rooms  were  excavated,  1 300  of  them  at  the  pueblo 
of  Awatovi,  200  of  them  at  other  sites  on  Ante¬ 
lope  Mesa  and  in  the  Jeddito  Valley. 

III.  The  total  number  of  sites  located  and 
mapped  was  296,  including  historic  Hopi  and 
Navaho  sites.  A  surface  survey  was  made  of 
each  one,  including  sketch  maps  of  the  large 
sites  and  artifact  collections  wherever  such  ma¬ 
terial  was  available. 

IV.  A  seventeenth-century  Franciscan  mis¬ 
sionary  establishment,  San  Bernardo  de  Agua- 
tubi,  was  excavated,  including:  three  churches, 
two  of  which  were  over  100  feet  long;  a  friary 
arranged  in  a  quadrangle  around  a  sacred  garden; 
the  church  offices  and  instruction  rooms;  and  a 
barracks-stable. 

V.  At  Awatovi,  in  addition  to  large-scale  ex¬ 
cavations,  65  small  tests  were  made  in  parts  of 
the  site  not  dug  extensively.  As  a  result  it  is 
possible  to  date  the  periods  of  occupation  at  all 
parts  of  the  site. 

VI.  Two  hundred  and  forty  wall  paintings 
were  recorded  in  historic  and  prehistoric  kivas. 
The  best  of  these  murals  were  peeled  off  the 
walls  and  preserved  in  the  original.  The  re¬ 
mainder  were  photographed  and  drawn  to  scale 
by  Mr.  Watson  Smith  and  his  assistants.  The 
colors  were  recorded  by  comparison  with  a 
Maerz  and  Paul  color  dictionary  and  samples  of 
each  color  were  preserved. 

VII.  11,700  artifacts  of  stone  and  bone  were 
excavated  and  catalogued.  Because  of  the  great 
quantity,  a  large  part  of  the  descriptive  and 
analytical  studies  of  this  material  were  made  in  a 
laboratory  at  the  Awatovi  camp. 

VIII.  8500  pottery  specimens  were  excavated 
and  catalogued.  In  addition,  over  half  a  million 
potsherds  were  washed,  classified,  and  recorded 
by  Mrs.  C.  B.  Cosgrove  and  her  assistants  in  the 
pottery  tent.  The  largest  number  was  handled 
during  the  1938  season,  when  243,871  potsherds 
passed  over  the  classifying  tables. 

IX.  Technological  studies  of  the  pottery  were 
made  by  Miss  Anna  O.  Shepard  of  the  Carnegie 
Institution  of  Washington.  Her  work  included 
the  collection  of  local  clays  and  firing  experi¬ 
ments  in  which  the  local  prehistoric  wares  were 
duplicated. 

X.  Although  perishable  material  is  seldom  pre- 
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served  in  Southwestern  sites  except  in  the  dry 
caves  a  surprising  amount  was  obtained  at 
Awatovi,  including  basketry,  fragments  of  cloth, 
and  pieces  of  carved  wood  from  the  ecclesiastical 
buildings. 

XI.  Thorough  physiographic  and  geological 
studies  were  made  in  the  Jeddito  region  and  ex¬ 
tended  in  some  instances  to  include  the  entire 
Hopi  country  and  the  whole  of  Black  Mesa.  This 
work  is  the  subject  of  the  following  report  by 
Dr.  Hack. 

XII.  Extensive  prehistoric  coal  mining  opera¬ 
tions  were  discovered,  mapped,  and  excavated  in 
part. 

XIII.  Detailed  ethnobotanical  studies  were 
made  by  Mr.  Volney  H.  Jones  of  the  University 
of  Michigan.  These  included  analysis  of  the 
plant  remains  found  in  the  excavations,  a  survey 
of  the  present  wild  plants  of  the  region,  and  a 
study  of  plant  material  encased  in  the  adobe 
bricks  used  in  the  construction  of  the  17th  cen¬ 
tury  Franciscan  buildings.  The  plant  remains 
preserved  in  the  bricks  have  given  valuable  in¬ 
formation  about  the  introduction  into  the  Hopi 
country  of  various  European  plants  brought  into 
the  Southwest  by  the  Spaniards. 

XIV.  Approximately  2000  tree-ring  specimens 
were  dated  by  Mr.  E.  T.  Hall,  Jr.  Most  of  these 
were  fragments  of  timbers  used  in  construction. 

XV.  Air  photographs  were  taken  of  the  region, 
including  pictures  of  the  modern  Hopi  towns  and 
field  systems. 

EXCAVATIONS 

The  excavated  sites  revealed  remains  of  in¬ 
habitants  of  the  region  from  early  in  the  second 
half  of  the  first  millennium  A.D.  to  the  beginning 
of  the  18th  century.  In  terms  of  the  Pecos  Con¬ 
ference  classification  of  Southwestern  cultures,1 
on  the  basis  of  architecture,  pottery,  and  tree¬ 
ring  dating,  the  periods  represented  were :  Basket 
Maker  III,  Pueblo  I,  Pueblo  II,  Pueblo  III, 
Pueblo  IV,  and  part  of  Pueblo  V.  In  terms  of  Dr. 
Colton’s  application  to  Northern  Arizona  of  the 
Gila  Pueblo  system  of  culture  classification2  the 
following  foci  of  the  Kayenta  and  Tusayan 
branches  of  the  Anasazi  root  seemed  to  be 

1  Roberts,  F.  H.  H.,  Jr.  “A  Survey  of  Southwestern 
Archaeology.”  Amer.  Anthropologist,  Vol.  37,  pp  1—3 5 
193  J. 

Colton,  H.  S.  Prehistoric  Culture  Units  and  their 
Relationships  in  Northern  Arizona.”  Mus.  of  North 
Ariz.,  Bull.  17,  1939. 


present:  Lino,  Marsh  Pass,  Black  Mesa,  Kiako, 

Polacca,  Hukovi,  Jeddito,  Sikyatki,  and  San 

Bernardino. 

The  twenty-one  sites  excavated  were: 

Awatovi:  A  large  pueblo  covering  23  acres  on 
the  rim  of  Antelope  Mesa  overlooking  the 
Jeddito  Valley,  occupied  during  Pueblo  III, 
Pueblo  IV,  and  part  of  Pueblo  V  times. 

Kawaika-a:  A  large  Pueblo  III— IV  site  on  the 
rim  of  the  mesa  approximately  three  miles 
above  Awatovi. 

Chakpahu:  A  similar  site  about  half  way  between 
Kawaika-a  and  the  Jeddito  Trading  Post. 

Nesuftonga:  A  similar  site  on  the  rim  directly 
above  the  Jeddito  Trading  Post. 

Kokopnyama:  A  similar  site  on  the  rim  one  mile 
east  of  Jeddito  Trading  Post. 

Pink  Arrow:  A  small  Pueblo  III— IV  site  of  ap¬ 
proximately  forty  rooms  on  the  rim  at  the  head 
of  a  small  side  canyon  between  Chakpahu  and 
Nesuftonga.  Thirty-two  rooms  and  a  kiva 
were  excavated. 

Site  4:  A  Basket  Maker  Ill-Pueblo  III  site  on 
the  mesa  rim  one  mile  west  of  the  Jeddito  Trad¬ 
ing  Post. 

Site  4a:  A  Basket  Maker  Ill-Pueblo  III  site 
200  yards  west  of  site  4.  At  sites  4  and  4a  the 
development  of  both  subterranean  and  above¬ 
ground  rooms  could  be  traced  for  at  least  six 
hundred  years.  During  the  1938  and  1939  sea¬ 
sons  the  excavations  at  these  two  sites  were 
under  the  direction  of  the  late  Charles  A. 
Amsden  of  the  Southwest  Museum  at  Los 
Angeles. 

Site  101:  A  Basket  Maker  III  site  away  from 
the  rim,  one  of  the  few  sites  in  the  middle  of 
the  mesa. 

Site  102:  A  small  Pueblo  II  unit  on  the  rim 
above  the  Jeddito  Trading  Post  and  near  the 
large  site  of  Nesuftonga:  two  rooms  and  two 
outside  fire-pits. 

Site  103:  A  three-room  Pueblo  II  unit  near  Pink 
Arrow. 

Site  104:  A  series  of  Pueblo  II-III  units  in  a 
side  canyon  and  in  the  rocky  breaks  below 
Pink  Arrow:  nineteen  rooms,  one  kiva. 

Site  105:  A  nine-room  Pueblo  II-III  unit  on  the 
rim  near  Pink  Arrow. 

Site  106:  A  Pueblo  III  unit  of  eight  rooms  on  the 
north  rim  of  Tallahogan  Canyon. 

Site  107 :  A  Pueblo  I— 1 1 1  unit  near  Site  106,  with 
fourteen  rooms,  and  a  D-shaped  kiva. 

Site  108:  A  Pueblo  II-III  unit  on  a  bench  below/ 
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the  main  Jeddito  rim  between  Awatovi  and 
Kawaika-a:  eight  rooms  and  one  kiva. 

Sites  109  and  110:  Pueblo  II  sherd  areas  near 
Site  108  where  testing  failed  to  locate  house 
structures. 

Site  111:  An  early  Pueblo  II  site  on  the  mesa  top 
approximately  half  a  mile  from  the  head  of 
Tallahogan  Canyon:  five  rooms,  five  pit-houses 
and  kivas. 

Site  169:  An  early  Pueblo  II  site  near  Site  108: 
two  pit-houses;  important  because  of  striking 
resemblances  in  masonry  and  house  plan  to  the 
Pueblo  II  pit-houses  in  the  San  Francisco 
Mountain  region. 

Site  231:  An  eight-room  Pueblo  III  site  on  the 
first  bench  below  the  rim  near  Pink  Arrow. 
Site  263:  A  Pueblo  I— II  site  below  the  main 
Jeddito  rim  near  Skunk  Spring.  The  site  was  a 
steep-sided  sand  dune  and  most  of  the  houses 
were  eroded  away.  One  very  interesting  struc¬ 
ture  remained  which,  architecturally,  was  a 
transitional  form  between  the  pit-house  and 
the  kiva.  This  was  the  only  excavated  site  in 
which  there  was  a  large  occurrence  of  fine-line 
Pueblo  I  Kana-a  Black-on-white  pottery,  which 
is  rare  in  the  Jeddito  region. 

Site  264:  One  of  our  most  important  sites,  a 
village  approximately  one-quarter  mile  long,  on 
a  point  projecting  out  into  the  Jeddito  Valley 
below  Kawaika-a.  The  main  occupation  was 
Basket  Maker  111-Pueblo  I,  with  a  single 
Pueblo  II  house  built  in  a  large,  earlier  pit- 
house.  Seven  pit-houses,  and  nineteen  isolated 
slab-lined  storage  chambers,  seven  contiguous 
storage  chambers,  one  rectangular  room,  and 
six  outdoor  firepits  were  excavated.  This  site 
and  Site  4a  were  of  great  importance  because  of 
the  occurrence  of  traits  comparable  on  the  one 
hand  to  Basket  Maker  Ill-Pueblo  I  sites  of 
the  San  Juan  and  on  the  other  hand  to  con¬ 
temporary  sites  along  the  Mogollon  Rim  south 
of  the  Little  Colorado  and  in  the  San  brancisco 
Mountain  region. 

Excavations  in  the  great  ruins  were  for  the  most 
part  restricted  to  Awatovi  where  large  blocks  of 
rooms  were  cleared  in  many  parts  of  the  town 
and  smaller  tests  established  the  time  of  occupa¬ 
tion  in  all  sections.  Digging  in  the  other  large 
pueblos  consisted  of  small  tests  by  means  of 
which  they  were  compared  with  the  findings  at 
the  main  site.  The  chief  reason  for  the  selection 
of  Awatovi  for  major  excavation  was  the  ap¬ 


parent  assurance,  obtained  in  preliminary  recon¬ 
naissance,  that  it  held  the  longest  record  of  occu¬ 
pation.  Furthermore,  that  record  was  not  re¬ 
stricted  to  prehistoric  remains,  for  Awatovi  was 
the  site  of  the  Franciscan  mission  of  San  Bernardo 
de  Aguatubi  and  it  is  known  from  definite  though 
meager  historic  references  that  the  pueblo  was 
still  inhabited  at  the  close  of  the  17th  century. 

It  is  generally  assumed  from  the  description 
given  that  Awatovi,  although  not  mentioned  by 
name,  was  the  first  of  the  Tusayan  pueblos  en¬ 
countered  by  Tobar  of  the  Coronado  Expedition 
in  1540.  Espejo  visited  Awatovi  in  1583;  and 
Onate  in  1598.  In  1629  the  Franciscan  mission 
was  authorized,  and  from  approximately  that 
date  until  the  Pueblo  Rebellion  in  1680  the  in¬ 
habitants  w'ere  in  close  contact  with  at  least  a  few 
Europeans. 

After  the  Rebellion  twelve  years  elapsed  be¬ 
fore  the  Spaniards  returned.  In  1692  the  “Moqui” 
pueblos,  including  Awatovi,  were  visited  by  de 
Vargas  with  a  military  expedition  and  once  more 
fell  under  the  influence  of  Christianity  and  Euro¬ 
pean  civilization.  The  re-acceptance  of  Spanish 
suzerainty  and  religion  seems  to  have  been  more 
complete  at  Awatovi  than  in  the  other  villages  of 
Tusayan.  This  fact  may  have  contributed  to  the 
eventual  downfall  of  the  town. 

The  nature  of  the  abandonment  of  Awatovi  is 
not  very  clear.  At  present,  based  on  Hopi  tradi¬ 
tion  and  very  limited  references  in  contemporary 
official  New'  Mexican  documents,  the  following 
story  can  be  pieced  out.  Sometime  during  the 
winter  of  1700-1701  bands  of  men,  probably  re¬ 
cruited  from  the  Hopi  towns  of  First  and  Second 
Mesas  (there  is  great  disagreement  in  Hopi 
stories  on  this  point)  attacked  the  village  and  are 
said  to  have  massacred  the  male  inhabitants.  As 
far  as  our  information  goes,  this  marked  the  end 
of  Aw'atovi  as  an  inhabited  sire.  However,  the 
unsatisfactory  nature  of  this  evidence  is  apparent, 
and  the  possibility  of  people  living  at  Awatovi 
after  1701  must  be  considered.  But  we  do  know' 
that  at  least  one  hundred  and  sixty  years  of  file 
after  the  first  Spanish  contact  lies  recorded  in 
these  ruins.  Hie  excavation  of  Awatovi  and  test 
digging  in  the  other  large  pueblos  on  Antelope 
Mesa  demonstrated  that  the  occupation  of  the 
large  sites  began  in  the  Pueblo  111  period,  ap¬ 
parently  during  the  1 3th  century,  and  reached  its 
greatest  extent  during  the  14th  and  15th  cen¬ 
turies.  In  order  to  obtain  information  about  life 
in  the  Jeddito  before  that  time  the  small  sites 
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listed  above  were  examined.  The  result  was  a 
developmental  picture  of  the  growth  of  Pueblo 
civilization  in  that  area  from  the  middle  of  the 
first  millennium  A.D.  to  the  present  time.3 

AWATOVI  PUBLICATIONS 

At  this  time,  with  the  publication  of  the  first 
monograph  in  the  series,  it  seems  advisable  to 
outline  the  general  publication  scheme  for  the 
Awatovi  reports.  The  basis  of  the  scheme  is  that 
results  of  the  expedition  should  be  made  available 
to  those  interested  as  soon  as  possible.  Conse¬ 
quently,  the  final  reports  will  be  published  as  soon 
as  they  are  ready,  without  regard  to  any  other 
theory  of  precedence.  In  the  past,  important 
archaeological  papers  have  been  held  in  archives 
for  over  a  decade  awaiting  “major”  reports  that 
it  was  believed  should  appear  first.  Every  en¬ 
deavor  will  be  made  to  avoid  this  type  of  bottle¬ 
neck  in  the  Awatovi  series.  The  nature  of  large 
excavation  reports  is  such  that  they  are  a  long 
time  in  preparation.  The  nature  of  specialized 
monographs  on  restricted  subjects  in  connection 
with  the  excavation  is  often  quite  different.  Each 
of  the  latter  in  the  Awatovi  study  will  be  written 
so  that  it  can  appear  independently,  the  smaller 
ones  as  fascicles  if  necessary  to  be  bound  to¬ 
gether  at  the  completion  of  each  volume.  Because 
of  the  variety  in  the  types  of  ruins  examined  and 
because  of  the  long  time  range  covered,  it  is 
planned  to  issue  the  excavation  reports  in  sections 
as  well. 

3  For  further  description  of  the  Awatovi  field  seasons  cf. 
the  short  preliminary  reports  already  published,  the  most 
complete  one  being,  Brew,  J.  O.  “Preliminary  Report  of 
the  Peabody  Museum  Awatovi  Expedition  of  1939.”  In 
“Plateau,”  Vol.  13,  pp.  37-48,  Mus.  of  North.  Ariz., 
Flagstaff,  1941. 


The  current  volume  number  of  the  Peabody 
Museum  Papers  is  XX.  The  Awatovi  reports,  in¬ 
cluding  this  one,  will  begin  as  volume  XXXV  and 
occupy  as  many  consecutive  subsequent  volumes 
as  necessary.  By  the  time  the  regular  series 
reaches  volume  XXXV  it  is  believed  that  the  pub¬ 
lication  of  Awatovi  will  have  been  completed  or 
will  have  advanced  sufficiently  to  permit  an  accu¬ 
rate  estimate  of  the  number  of  volumes  needed, 
which  is  impractical  at  the  present  time.  In  this 
way,  the  Awatovi  reports  will  be  presented  in 
numerically  consecutive  volumes.  Projected  mon¬ 
ographs  include:  Franciscan  Awatovi,  by  Ross 
Montgomery  and  the  director  of  the  expedition, 
with  an  appendix  on  the  church  murals  by  Watson 
Smith;  Ethnobotany  of  the  Jeddito,  by  Volney  H. 
Jones  of  the  University  of  Michigan;  Jeddito  Kiva 
Murals,  by  Watson  Smith;  Stone  Implements  of 
the  Jeddito  and  their  Relationships  with  the  Rest 
of  the  Southwest,  by  Richard  B.  Woodbury;  The 
Dendrochronology  of  the  Jeddito  Sites,  by  E.  T. 
Hall,  Jr.;  papers  on  the  Jeddito  pottery  by  Mrs 
H.  S.  Cosgrove  and  others,  including  a  study  of 
firing  technique  by  Miss  Anna  O.  Shepard;  pap¬ 
ers  on  the  Basket  Maker  Ill-Pueblo  I  sites,  the 
PuebloII-PuebloIII  sites,  the  Pueblo  IV-Sikyatki 
sites,  artifacts  of  bone,  shell  and  other  materials, 
and  the  Jeddito  site  survey  by  the  director  of  the 
expedition  and  others. 

At  the  conclusion  of  the  study  a  paper  is  planned 
which  will  be  a  summary,  integrating  the  various 
parts  and  fitting  the  Jeddito  into  general  South¬ 
western  history. 

J.  O.  Brew 

Director  and  Editor ,  Awatovi 
Expedition  of  the  Peabody  Museum , 
Harvard  University 

Sept.  IS,  1941 
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ABSTRACT 


THE  Hopi  country  lies  on  the  southern  escarp¬ 
ment  of  Black  Mesa,  a  dissected  highland 
about  60  miles  in  diameter  underlain  by  resistant 
Upper  Cretaceous  sandstone.  This  mesa  is  drained 
by  the  southwestward-flowing,  ephemeral  streams 
of  the  Tusayan  Washes,  which  separate  the  fin¬ 
gering  prongs  of  the  escarpment  and  thence  flow 
into  the  barren  plains  leading  to  the  Little  Colo¬ 
rado  River.  These  streams  bring  sand  and  silt 
from  Black  Mesa  to  the  lower  plains  where  the 
prevailing  southwest  winds  separate  them  and 
carry  the  sand  back  northward  to  bank  it  against 
the  escarpments  of  that  part  of  Black  Mesa  which 
is  the  Hopi  country.  Because  of  the  relatively 
large  quantities  of  dune  sand  resulting  from  this 
process,  the  Hopi  country  has  a  lower  runoff 
after  rain  and  more  permanent  springs  than  areas 
of  similar  climate  nearby. 

The  population  of  the  Hopi  country  numbers 
about  3000,  mostly  Hopi  Indians,  the  western 
remnant  of  the  larger  Pueblo  group  who  once  oc¬ 
cupied  most  of  the  southwest.  These  people  are 
farmers  who  live  in  permanent  houses  built  of 
stone  and  clustered  in  villages,  located  on  the  high 
southern  spurs  of  Black  Mesa  near  the  springs. 
The  villages  are  central  to  the  fields  on  nearby 
mesa  tops  and  in  the  broad  valleys  of  the  Tusayan 
Washes. 

The  Hopi  country  is  too  dry  for  growing 
crops  by  rainfall  alone,  so  that  special  methods  of 
farming  are  used.  The  Hopi  raise  com  and  beans, 
the  staple  foods,  by  four  different  methods. 
Flood-water  farming,  in  which  fields  are  planted 
where  the  floods  of  streams  spread  in  thin  sheets 
of  water,  is  the  most  important  type.  There  are 
two  major  types  of  flood-water  fields,  those  lo¬ 
cated  at  the  “akchins”  or  arroyo  mouths  of  small 
streams,  and  those  located  on  the  flood  plains  of 
large  streams.  Sand  dune  fields,  in  which  the  rela¬ 
tively  high-moisture  content  of  sandy  soils  is 
utilized,  are  also  an  important  type  of  field.  This 
type  is  not  affected  by  epicycles  of  erosion  and 
dissection  of  flood  plains,  as  are  the  flood-water 
fields.  The  necessity  for  the  protection  of  plants 
from  moving  sand  requires  the  use  of  windbreaks, 
however,  and  makes  this  system  of  farming 
laborious.  Some  fields  are  watered  by  seepage.  A 
small  proportion  in  which  rare  and  relatively  valu¬ 
able  crops  are  grown  are  irrigated  from  springs. 


Flood-water  fields  are  found  in  large  areas  around 
the  Hopi  country,  but  not  in  as  great  numbers. 
Higher  regions  than  the  Ilopi  country  are  too 
cold  for  growing  corn.  Lower  regions  are  too  dry 
except  where  fields  are  located  along  large  water 
courses  which  have  their  sources  in  wetter  re¬ 
gions. 

The  effect  of  a  period  of  arroyo  cutting  in  the 
Hopi  country  is  to  shift  the  position  of  flood- 
water  fields  from  the  main  streams  to  the  akchins 
or  arroyo  mouths  of  small  streams  and  to  increase 
the  use  of  sand  dune  fields. 

The  large  areas  of  sand  dunes  can  be  used  as  a 
means  of  deciphering  climatic  change  in  the 
recent  past.  The  dune  forms  of  this  region  are 
divided  into  three  major  types:  1)  transverse 
dunes  (including  barchans),  which  arc  always 
free  of  vegetation  and  are  aligned  at  right  angles 
to  the  prevailing  wind,  2)  parabolic  dunes,  formed 
in  the  presence  of  specialized  vegetation,  consist¬ 
ing  of  irregular  bow-shaped  ridges  with  their  tails 
or  tips  pointing  into  the  wind,  and  3)  longitudinal 
dunes,  long  narrow  ridges  of  sand  extending 
across  country  for  miles,  and  formed  in  the  pres¬ 
ence  of  specialized  vegetation.  These  longitu¬ 
dinal  dunes  depend  on  a  relatively  small  quantity 
of  moving  sand,  derived  from  a  restricted  source, 
which  in  most  places  is  a  groove  of  deflation  in  an 
ancient  sand  cover.  For  this  reason  they  can  form 
only  where  the  vegetative  cover  is  relatively  un- 
aggressive.  Ancient  stabilized  longitudinal  dunes 
are  found  in  other  vegetative  zones  where  nowa¬ 
days  over  15  inches  of  precipitation  fall.  Inas¬ 
much  as  active  dunes  of  this  type  occur  only  where 
there  is  less  than  10  inches  of  precipitation,  it  is 
obvious  that  at  the  time  of  formation  of  most  of 
the  longitudinal  dunes  the  climate  was  consider¬ 
ably  drier  than  it  now  is.  Stratigraphic  evidence 
indicates  a  dry  period  between  2000  and  5000 
B.C.,  during  which  time  most  of  the  fixed  dunes 
now  mantling  the  region  formed. 

The  valleys  of  the  Hopi  country  and  adjacent 
areas  are  filled  with  deep  alluvium,  now  dissected 
by  deep  channels  or  arroyos  cut  since  1880.  The 
alluvium  is  exposed  in  their  walls  and  is  obviously 
divisible  into  three  formations:  the  Jeddito  forma¬ 
tion,  containing  Elephant  bones,  and  presumably 
deposited  before  5000  B.C.;  the  intermediate 
Tsegi  formation,  containing  evidence  of  human 
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occupation;  and  the  Naha  formation,  deposited 
since  1300  A.D.  The  deposition  of  these  forma¬ 
tions  alternated  with  periods  of  erosion  like  the 
present,  which  were  relatively  dry.  In  the  Jeddito- 
Tsegi  period  of  erosion,  the  great  system  of  dunes 
now  mostly  stabilized  was  formed. 

Evidence  of  ancient  farming  occurs  on  the 
north  side  of  the  Jeddito  Valley.  Many  areas  of 
networks  of  stone  lines  used  to  support  brush 
windbreaks  are  the  remains  of  ancient  sand  dune 
fields.  One  of  these  is  known  to  be  as  old  as  the 
thirteenth  century  A.D.  Estimates  of  land  avail¬ 
able  for  flood-water  farming  in  the  past  show  it 
was  relatively  great  in  the  first  millennium  A.D. , 


was  reduced  at  the  end  of  the  thirteenth  century 
and  increased  somewhat  from  1300  to  1600  or 
1700  A.D.  Population  changes  in  the  Jeddito 
Valley  region  may  be  related  to  widespread 
climatic  changes  and  changes  in  areas  available 
for  farming.  In  any  case,  the  history  of  the  Pueblo 
people  has  been  greatly  affected  by  the  changing 
physical  environment. 

The  Hopi  country  is  superior  as  a  location  for 
agricultural  settlement  to  other  nearby  areas.  The 
abundant  dune  sand  provides  a  better  ground- 
water  supply,  and  inhibits  arroyo  cutting.  The 
wide  valleys  provide  large  areas  over  which 
flood- waters  can  spread. 


INTRODUCTION 


THE  Hopi  Indians  of  Arizona  are  the  western 
remnants  of  the  Pueblo  Indians  who  once  oc¬ 
cupied  a  large  part  of  the  Southwest.  The  story  of 
their  development,  migrations,  and  achievements 
is  a  long  and  complicated  history,  which  is  gradu¬ 
ally  being  uncovered  by  the  spade  of  the  patient 
archaeologist.  The  Hopi  are  an  agricultural  people 
who  earn  a  living  from  their  land  by  great  labor 
and  ingenuity.  They  utilize  flood-water  for  water¬ 
ing  their  crops  as  well  as  water  stored  in  dunes, 
and  water  issuing  from  small  springs.  Their  sys¬ 
tem  of  farming  utilizes  each  favorable  spot  so 
that  the  number  and  distribution  of  fields  is  de¬ 
pendent  on  minute  details  of  the  local  physiog¬ 
raphy.  Any  change  in  these  details  or  any  varia¬ 
tion  of  climate  has  an  immediate  effect.  The 
Southwest  as  an  environment  has  changed  much 
during  post-glacial  time,  and  even  during  the  1 ,500 
years  of  archaeologically  recorded  history. 
Changing  climate  recorded  by  changing  dune  pat¬ 
terns,  and  the  accompanying  changes  in  stream 
systems  is  one  of  the  principal  outside  influences 
on  the  history  and  cultural  development  of  the  in¬ 
habitants.  These  changes  have,  however,  been 
somewhat  less  devastating  in  the  Hopi  land  be¬ 
cause  in  spite  of  its  generally  adverse  character, 
which  at  best  furnishes  a  meager  living,  its  pecul¬ 
iarities  have  been  sufficiently  favorable  to  enable 
these  hard-working  communities  to  survive  pe¬ 
riods  when  the  hardships  of  their  relatives  in 
other  lands  led  to  emigration  and  disaster. 

The  great  ruin  of  Awatovi  on  the  rim  of  the 
Jeddito  Valley,  which  lies  on  the  border  of  the 
present  day  land  of  the  Hopi,  was  once  a  flourish¬ 
ing  town  which  witnessed  much  of  Pueblo  cul¬ 
tural  development.  It  was  founded  in  the  twelfth 
or  thirteenth  century  A.D.  in  a  region  that  had 
already  been  settled  for  at  least  six  or  seven  hun¬ 
dred  years.  Awatovi  survived  the  great  drought 
of  the  thirteenth  century  and  for  many  centuries 
afterward  shared  the  benefits  of  a  period  of 
Pueblo  prosperity  with  the  other  ancient  Hopi 
towns  to  the  east  and  west.  In  1540  it  saw  the 
arrival  of  the  Spaniards  and  outlived  all  the  other 
towns  of  the  Jeddito  Valley.  It  was  the  site  of  a 
large  Franciscan  mission,  and  was  abandoned 
early  in  the  18th  century. 

This  ruin  furnishes  the  archaeologist  with  a 
link  between  the  modem  Hopi  and  his  prehistoric 


ancestors.  In  it  are  recorded  the  Spanish  occupa¬ 
tion  and  its  effect  on  Hopi  culture.  Accordingly 
the  Peabody  Museum  of  Harvard  University  sent 
an  expedition  to  this  critical  locality,  which  spent 
five  seasons  in  the  field,  from  1935  to  1939.  Dur¬ 
ing  the  seasons  1937-1939,  the  writer  served  as 
geologist  on  the  expedition  staff.  An  important 
part  of  his  work  consisted  of  a  physiographic 
survey  of  the  Jeddito  Valley  region  and  of  the 
modem  Hopi  country.  Its  major  purpose  was  to 
learn  the  relationship  of  the  Hopi  to  his  physical 
environment  and  to  learn  if  possible  the  nature  of 
its  changes  in  the  past. 

The  present  study  was  carried  on  mostly  from 
the  Peabody  Museum  camp  at  the  ruin  of  Awatovi. 
The  field  expenses,  cost  of  transportation  to  and 
from  Arizona  each  summer,  and  the  cost  of  many 
of  the  illustrations  were  very  generously  met  by 
the  Peabody  Museum.  The  writer  was  allowed  to 
investigate  several  problems  not  directly  con¬ 
nected  with  the  archaeological  work  in  order  to 
present  a  more  well-rounded  thesis  in  the  field  of 
geology. 

The  writer  considers  with  regret  the  conclu¬ 
sion  of  a  project  amid  such  pleasant  surroundings 
as  those  of  the  Awatovi  camp.  This  well-con¬ 
ducted  camp  and  the  congenial  group  of  its  scien¬ 
tific  staff  will  linger  long  in  memory.  Many  prob¬ 
lems  were  studied  on  the  borderline  of  geology  in 
which  the  advice  and  cooperation  of  other  mem¬ 
bers  of  the  staff  were  greatly  appreciated,  es¬ 
pecially  that  of  Dr.  J.  O.  Brew,  Expedition  Direc¬ 
tor,  Mr.  J.  A.  Lancaster,  Assistant  Director,  and 
Mr.  Volncy  H.  Jones,  ethnobotanist.  In  1939,  the 
writer  was  ably  assisted  during  a  survey  of  Black 
Mesa,  by  Mr.  William  H.  Claflin,  IIE 

During  the  summer  of  1938,  the  writer  spent  a 
very  profitable  week  as  a  guest  of  the  Rainbow 
Bridge — Monument  Valley  Expedition  in  the 
Tscgi  Canyon,  Arizona.  Special  thanks  are  due 
the  director,  Dr.  Charles  del  Norte  \\  inning,  and 
Dr.  George  W.  Brainerd. 

Many  inhabitants  of  the  Navaho  country,  trad¬ 
ers  and  government  officials  extended  their  hos¬ 
pitality  and  assistance.  1  he  writer  wishes  to 
thank  especially  Mr.  and  Mrs.  \V  ilmcr  C.  Rob¬ 
erts  of  Jeddito  Trading  Post. 

Throughout  the  following  report  many  dia¬ 
grams  are  based  on  maps  or  airplane  photographs 
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loaned  the  writer  by  the  U.  S.  Soil  Conservation 
Service.  The  report  would  not  have  been  possible 
in  its  present  form  without  the  generous  coopera¬ 
tion  given  by  members  of  this  bureau,  especially 
Mr.  Hale  Benton,  Mr.  Gordon  Page,  and  Mr. 
Ernest  A.  Nicholson. 

Many  of  the  maps  and  diagrams  used  to  illus¬ 
trate  the  text  are  the  work  of  Mr.  Elmer  Rising. 
His  interest  and  care  are  greatly  appreciated. 

The  field  work,  and  the  preparation  of  the 
manuscript  were  carried  on  under  the  direction  of 
Professor  Kirk  Bryan,  who  spent  a  week  in  each 
of  three  successive  years  in  field  inspection  and 


conference.  Many  of  the  ideas  presented  herein 
have  originated  with  him,  and  he  has  had  as  much 
interest  in  the  outcome  of  the  work  as  the  writer 
himself. 

The  writer  is  grateful  to  Professor  C.  F.  Brooks 
for  advice  and  criticism  during  preparation  of  the 
chapter  on  climate,  and  to  Mr.  Donald  Scott,  Dr. 
J.  O.  Brew,  and  Mr.  Watson  Smith  for  helpful 
critical  reading  of  the  manuscript. 

John  T.  Hack 

Hofstra  College 
Hempstead,  N.Y. 

September,  1941 
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Fig.  1.  Index  map  of  the  Southwest,  showing  the  location  of  the  Navaho  and  Hopi  Indian  Reservations. 


Chapter  I 

THE  MODERN  ENVIRONMENT 


PHYSIOGRAPHY 
General  Setting 

HE  Hopi  country  lies  in  the  Navaho  section 
of  the  Colorado  Plateau  province.  This 
province  is  a  land  of  gently  folded  sedimentary 
rocks  eroded  on  a  majestic  scale  into  broad 
plateaus,  precipitous  mesas  and  buttes,  and  dark 
canyons.  Over  the  whole  region,  the  huge  swells 
and  gentle  folds  of  the  rock  strata  control  the 
topography,  for  plateaus,  mesa  surfaces  and  rock 
benches  rest  on  resistant  layers  of  sedimentary 
rock. 

In  the  western  Navaho  country  a  broad  struc¬ 
tural  basin  extends  from  the  Little  Colorado 
River  on  the  south  and  west  to  the  Defiance 
Plateau  on  the  east,  and  the  Utah  line  on  the 
north.  This  is  known  as  the  Tusayan  downwarp. 
It  is  a  gently  downfolded  basin,  which  is  trun¬ 
cated  by  erosion,  and  its  hard  and  soft  beds  are 
etched  into  the  sharp  pattern  of  relief  now  visible. 
The  center  of  this  basin  thus  contains  the  young¬ 
est  rocks,  the  Mesaverde  sandstone,  which  crop 
out  on  and  support  the  high,  dissected  plateau  of 
Black  Mesa.  Outward  in  all  directions  from  this 
mesa,  older  and  older  rocks  crop  out,  and  their 
circular  plan  gives  the  topography  a  roughly  cir¬ 
cular  aspect,  like  a  great  onion  slice  centering  in 
Black  Mesa. 

This  topography  is  shown  diagrammatically  in 
fig.  2.  The  highest  point  of  the  region  is  the  north 
end  of  Black  Mesa,  where  the  resistant  Mesa¬ 
verde  sandstone  of  Cretaceous  age  forms  high 
cliffs  rising  above  the  plains  to  the  north,  cut  on 
softer  and  older  rocks.  The  Tsegi  Mesas  rest  on 
the  Jurassic  Navaho  sandstone,  which  is  here 
raised  to  a  height  above  the  surrounding  region  in 
a  broad  fold.  Elsewhere  the  Navaho  sandstone 
underlies  mesas  of  lower  altitude,  like  the  Kaibito 
and  Moenkopi  Plateau,  and  the  Garces  Mesas. 
The  Defiance  Plateau  rests  on  the  Permian 
Coconino  sandstone,  which  is  truncated  by  the 
present  land  surface  at  the  eastern  end  of  the 
Tusayan  downwarp.  The  Hopi  Buttes  are  under¬ 
lain  by  the  resistant  lava  flows  and  basalt  plugs 
of  the  Bidahochi  formation,  of  Pliocene  age. 


The  geology  and  physiography  of  the  region 
have  been  described  by  several  writers.  Gregory1 
has  written  several  full  and  lucid  accounts  which 
discuss  the  geography  as  well  as  the  geology.  A 
brief  description  of  the  geologic  formations  found 
in  the  region  around  the  Hopi  country  is  given 
below,  taken  mostly  from  Gregory,2  also  from 
Baker  and  Reeside,3  and  Baker,  Dane,  and  Rees¬ 
ide.4  This  summary  description  is  intended  merely 
as  an  aid  to  the  memory,  for  these  rock  names  are 
frequently  referred  to  in  the  following  pages.  For 
a  clear  understanding  of  the  bed  rock  geology  the 
reader  is  referred  to  the  original  sources. 

Rock  Formations 

Permian: 

Moenkopi  formation — 300-500  feet.  Choco¬ 
late  red  and  banded  arenaceous  shales  and  thin 
sandstones,  and  rare  limestones;  extremely  vari¬ 
able  in  stratification;  gypsiferous;  fossil  plants. 
Underlies  a  large  part  of  the  Little  Colorado 
Valley. 

De  Chelly  sandstone  member  of  the  Coconino 
sandstone — 0-585  feet.  Light  red,  uniform- 
grained,  cross  bedded  sandstone,  cliff-maker. 
Forms  large  part  of  the  Defiance  Plateau. 

Triassic: 

Shinarump  conglomerate — 20-100  feet.  Cross 
bedded  lenticular  conglomerate  and  sandstone, 
pebbles  chiefly  quartz,  quartzite,  and  petrified 
wood. 

Chinle  formation — 1,182  feet.  Red  and  vari¬ 
egated  shales  with  thin  sandstone  and  limestone 
conglomerate;  gypsiferous  and  calcareous.  Forms 
badland  topography.  Crops  out  in  Painted  Des¬ 
ert,  southern  portion  of  the  Hopi  Buttes,  Chinle 
Valley,  and  Tsegi  Canyon. 

Jurassic: 

Wingate  sandstone — 30-450  feet.  Bright  red 
sandstone,  massive  and  cross  bedded,  fine  grained. 

1  Gregory,  1915a,  1916,  1917. 

1  Gregory,  1917. 

1  Baker  and  Reeside,  1929. 

4  Baker,  Dane  and  Reeside,  1936. 
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I  ig.  2.  Physiographic  diagram  of  a  portion  of  the  western  Navaho  country,  including  the  Hopi  Indian  reservation 
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Crops  out  in  canyons  of  Tsegi  Mesas,  and  the 
Chinle  Valley. 

Kayenta  formation— 0-200  ft.  Limestone  and 
calcareous  and  arenaceous  shales,  dinosaur  foot¬ 
prints.  Crops  out  in  Tsegi  Mesas. 

Navaho  sandstone — 400-1,000  ft.  Light  red, 
massive,  cross-bedded,  uniformly  fine-grained 
sandstone,  with  variable  amounts  of  lenticular 
limestone,  near  top;  prominent  cliff  maker.  Crops 
out  widely  in  the  region,  in  the  Hopi  Buttes, 
Garces  Mesas,  Moenkopi  Plateau,  Kaibito  Pla¬ 
teau,  Tsegi  Mesas,  and  Chinle  Valley. 

Morrison  formation — 400-700  ft.  Green, 
white,  gray,  and  brightly  banded  sandstone  and 
shale,  with  beds  of  gypsum.  Crops  out  in  southern 
part  of  Hopi  country,  and  all  around  the  western, 
northern,  and  eastern  rims  of  Black  Mesa. 

Upper  Cretaceous : 

Dakota  sandstone — 0-295  ft.  Gray  and  brown 
coarse  sandstones,  with  lenses  of  arenaceous  and 
agillaceous  shale  and  coal;  stratification  very  ir¬ 
regular,  conglomerate  in  places.  Forms  cliffs. 
Crops  out  in  circular  belt,  mostly  very  narrow, 
around  Black  Mesa.  This  belt  widens  near  Steam¬ 
boat  Canyon. 

Mancos  shale — 500-800  ft.  drab,  argillaceous 
and  arenaceous  shales  with  lenses  of  impure  lime¬ 
stone  and  coal.  This  formation  underlies  the 
broad  valleys  of  the  Hopi  country,  and  crops 
out  on  the  lower  slopes  of  the  border  of  Black 
Mesa. 

Mesaverde  formation— 275-800  feet.  Buff 
sandstone,  massive  at  base  and  top;  sandstones 
with  arenaceous  and  argillaceous  shale  and  work¬ 
able  coal  beds  in  central  portion;  forms  cliffs. 
Crops  out  on  Black  Mesa  and  forms  the  cliffs  on 
which  the  Hopi  towns  are  built  as  well  as  the 
ruins  of  Antelope  Mesa. 

Pliocene: 

Bidahochi  formation — 0-400  feet.  White,  cal¬ 
careous  sandstone  and  limestone,  green,  pink, 
and  red  tuffaccous  clay,  white  tuff,  basaltic  tuff, 
and  interbedded  basalt  flows.  Overlies  uncon- 
formably  the  Mesozoic  rocks  from  the  Hopi 
Buttes  to  the  Defiance  Plateau,  and  extends  north 
to  Antelope  Mesa.  (This  formation  is  not  named 
by  Gregory.  It  has  been  called  the  Hopi  lake 
beds  by  Williams,6  and  is  described  by  the  writer 
in  a  forthcoming  paper.) 

4  Williams,  1936. 


Hopi  Country 

The  Hopi  country  lies  on  the  southern  edge  of 
Black  Mesa  (see  fig.  2)  where  its  southwestward 
projecting  prongs  end  and  give  place  to  the  low 
plateaus  of  the  Tusayan  Washes  area.  Thus  the 
northern  portion  is  a  group  of  high  plateaus, 
called  Antelope,  First,  Second,  and  Third  Mesas, 
separated  by  broad,  steep-walled  valleys,  through 
which  the  great  ephemeral  streams  flow.  Many 
of  the  minor  streams  radiate  outward  from  the 
mesa  sides  and  from  the  bases  of  the  mesa  points. 
Some  of  these  never  reach  the  main  watercourses, 
but  fan  out  on  the  broad  valley  flats. 

The  southern  portion  of  the  Hopi  country  is 
comparatively  flat.  The  high  buttressed  mesas 
which  divide  the  streams  in  the  northern  portion 
are  there  replaced  only  by  low  divides,  or  pla¬ 
teaus,  and  the  valley  flats  make  up  most  of  the 
area. 

The  Tusayan  Washes  which  pass  through  the 
Hopi  country  rise  high  on  Black  Mesa  in  narrow 
canyons  and  carry  out  to  the  flats  to  the  south¬ 
west  great  quantities  of  debris  of  all  sizes.  In 
the  intervals  between  the  ephemeral  floods  some 
of  this  debris  is  carried  upstream  by  the  prevailing 
southwest  winds,  and  the  constant  contest  between 
water  and  wind  work  results  in  the  accumulation 
of  enormous  quantities  of  sand  in  the  Hopi 
country  and  in  the  area  of  the  Tusayan  Washes. 

To  the  east,  the  Hopi  Buttes  cut  off  the  wind, 
and  what  little  sand  is  blown  in  this  region  is 
quickly  carried  away  by  water.  This  is  also  true 
of  the  narrow  winding  canyons  of  Black  Mesa. 
On  the  Moenkopi  and  Kaibito  Plateaus,  the  wind 
has  an  open  sweep  and  has  covered  the  country 
with  a  thin  veneer  of  sand,  but  there  are  no 
streams  traversing  the  plateau  surfaces,  and  thus 
no  great  supply  of  sand  is  available  for  transport 
by  the  wind. 

The  Hopi  country  then,  differs  from  the  areas 
around  it  in  having  enormous  quantities  of  wind¬ 
blown  sand  in  its  valleys  and  piled  up  on  its  mesa 
sides,  and  yet  has  many  drainage  lines  consisting 
of  ephemeral  streams  which  spread  out  over  a 
relatively  large  proportion  of  the  valley  floors. 

CLIMATE  AND  VEGETATION 
General  Relationships 

Southwestern  United  States  is  arid  because 
moisture,  cither  as  rain  or  snow,  is  small.  The  lack 
of  rain  results  from  the  inland  position  of  the 
area  far  from  the  Atlantic  Ocean  and  Gulf  of 


Mean  annual  precipitation  over  18  Inches 
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Fig.  3.  Map  of  the  Navaho  country,  with  isohyets,  showing  the  mean  annual  precipitation,  and  areas  considered 

suitable  for  farming.  After  H.  E.  Gregory. 
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Mexico  and  also  from  the  mountain  barrier  along 
the  Pacific  coast.  Furthermore,  at  this  southerly 
latitude  the  air  is  so  warm  and  the  rate  of  evapora¬ 
tion  so  high  that  the  rain  which  does  fall  is 
quickly  evaporated,  with  the  result  that  the 
aridity  is  accentuated.  As  in  many  other  arid 
regions  altitude  governs  both  precipitation  and 
temperature.  1  he  mean  annual  temperature  de¬ 
creases,  and  the  mean  annual  precipitation  in¬ 
creases  with  altitude  in  so  regular  a  manner  that 
for  any  one  latitude  precipitation  and  temperature 
can  be  predicted  with  some  assurance  by  knowing 
the  altitude. 

In  northeastern  Arizona  climate  not  only  varies 
with  altitude  but  so  also  does  the  vegetation, 
which  thus  becomes  a  convenient  measure  of 
climate.  Below  6,000  feet  the  climate  may  be 
described  as  arid,  and  desert  scrub  is  the  principal 
vegetation.  Here,  the  mean  annual  precipitation 
is  below  10  inches,  and  the  mean  annual  tempera¬ 
ture  is  above  51  degrees.  At  altitudes  from  6,000 
feet  to  about  7,000  or  7,500  feet  the  climate  is 
semi-arid,  the  vegetation  is  more  luxuriant  and 
consists  largely  of  sage  brush,  grass,  and  juniper, 
and  pinon  trees.  Here  the  mean  precipitation  lies 
between  10  inches  and  16  inches,  and  the  tempera¬ 
ture  is  between  45  degrees  and  51  degrees.  At 
elevations  above  7,500  feet  the  climate  is  humid 
and  relatively  cool.  Great  stands  of  yellow  pine 
with  occasional  groves  of  Douglas  fir  characterize 
the  broad  and  extensive  lower  areas  of  this  zone. 
The  highest  portion  supports  thick  stands  of  fir 
and  spruce.  Here  the  mean  precipitation  may  on 
some  of  the  highest  points  be  as  much  as  40 
inches,  and  the  mean  annual  temperature  as  low 
as  35  degrees. 

The  climate  of  the  Navaho  country  has  been 
described  by  Gregory,6  and  many  of  its  char¬ 
acteristics  which  are  not  fully  discussed  here  are 
found  in  his  more  complete  treatment.  A  map  of 
the  mean  annual  precipitation  over  the  whole 
Navaho  country  has  been  prepared  by  the  use  of 
the  relation  between  altitude  and  precipitation. 
Thirteen  climatic  stations  operated  by  coopera¬ 
tive  weather  observers  are  located  in  the  area. 
Many  of  these  have  short  records  or  incomplete 
records.  Accordingly  complete  records  for  each 
station  running  from  1931-1936  inclusive  were 
used  in  making  the  map.  This  period  was  found 
to  be  representative;  for  these  figures  were  com¬ 
pared  with  15  year  records  available  for  some  of 

8  Gregory,  1916. 
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the  stations  and  found  to  differ  by  less  than  12 
per  cent  in  every  case.  The  temperature  and 
precipitation  data  are  tabulated  below: 


Station 

Elevation 

Av.  Temp. 

Av.  Precip, 

(Ft.) 

(Deg.  F.) 

(In.) 

Lees  Ferry 

3,142 

62.0 

5.92 

Tuba  City 

4,500 

55.7 

6.26 

Winslow 

4,848 

54.8 

7.62 

Shiprock 

4,950 

53.1 

6.11 

Holbrook 

5,069 

54.6 

8.96 

Aztec 

5,590 

50.1 

9.40 

Kayenta 

5,800 

53.5 

8.09 

Jcddito 

6,300 

51.7 

10.82 

Ganado 

6,385 

49.3 

11.04 

Tohatchi 

6,800 

52.0 

10.36 

Crown  Point 

6,800 

51.8 

11.85 

Flagstaff 

6,907 

46.3 

18.12 

Fort  Defiance 

6,950 

48.4 

10.82 

With  this  data,  a  curve  showing  the  precipita¬ 
tion — elevation  ratio  was  drawn,  and  all  of  ten 
stations  were  found  to  fall  on  a  gently  curving  line 
with  little  variation.  From  this  curve,  the  eleva¬ 
tions  could  be  used  to  construct  the  precipitation 
isohyets,  shown  in  fig.  3.  The  elevations  were 
obtained  from  the  old  U.  S.  Geological  Survey 
reconnaissance  maps,  which  are  somewhat  in 
error,  but  nevertheless  the  map  gives  a  fair  picture 
of  the  distribution  of  rainfall  and  shows  clearly 
the  position  of  the  wet  and  dry  areas. 

The  mean  annual  temperature  decreases  as  the 
mean  annual  precipitation  increases.  A  map  of 
the  Navaho  country  showing  the  temperature 
variations  might  be  constructed  in  a  similar 
manner.  More  important  for  primitive  agricul¬ 
ture,  however,  than  temperature,  is  the  factor  of 
the  length  of  the  growing  season,  or  the  length 
of  the  period  free  from  killing  frosts.  The  length 
of  this  period  varies  roughly  with  the  mean  an¬ 
nual  temperature,  but  it  cannot  be  closely  related 
to  the  altitude  because  the  geographic  location 
and  physiographic  position  of  a  station  are  equally 
important.  Stations  in  the  Chinle  Valley,  for 
instance,  arc  apt  to  have  shorter  growing  seasons 
than  stations  at  similar  elevations  south  of  Black 
Mesa,  presumably  because  the  Chinle  Valley  is 
more  exposed  to  cold  north  winds.  Stations  on 
slopes  are  apt  to  have  longer  growing  seasons 
than  stations  at  the  bottoms  of  valleys,  because 
cold  air  is  more  likely  to  collect  in  low  places 
on  cool  quiet  nights  when  conditions  arc  favor¬ 
able  for  frost. 

Therefore  it  is  at  present  impossible  to  handle 
the  meager  frost  data  for  the  Navaho  country  in 
a  quantitative  way.  The  general  change  in  the 


8 


THE  CHANGING  PHYSICAL  ENVIRONMENT  OF  THE  HOPI  INDIANS  OF  ARIZONA 


^  Under  120  days 
150 -120  days 
V//\  150 -180  days 
Over  180  days 


Fig.  4.  Map  of  the  Navaho  country,  showing  the  average  length  of  the  growing  season 
(modified  from  a  map  in  the  Atlas  of  American  Agriculture) . 


length  of  the  growing  season  is  indicated  in 
fig.  4,  however,  a  map  modified  from  a  map  in 
the  Atlas  of  American  Agriculture ,  prepared  by 
Read,  Brooks  and  Marschner.7 

Thus  in  the  Navaho  country  the  regions  with 
the  longest  growing  season  are  very  dry,  and  the 
moist  regions  have  a  very  short  growing  season. 
Crops  are  most  successfully  grown  in  regions 
between  the  two  extremes  where  the  mean  annual 
precipitation  is  about  12  inches,  and  the  length  of 
the  growing  season  about  130  days.  This  rela¬ 
tionship  is  discussed  more  fully  in  Chapter  III. 

General  Characteristics  of  the  Climate 
of  the  Hopi  Country 

The  rainfall  varies  from  about  10  inches  in 
the  lower  portions  of  the  Hopi  country  to  about 
1 3  inches  in  the  higher  portions.  The  mean  annual 
temperature  is  around  5 1  degrees. 

The  seasonal  variations  in  climate  are  very 

7  Read,  1918. 


marked.  Each  of  the  four  seasons  has  a  distinct 
type  of  weather.  Through  all  the  seasons,  how¬ 
ever,  two  characteristics  of  the  climate  remain 
the  same.  The  first  of  these  is  the  small  amount  of 
cloudiness  and  the  abundance  of  clear  weather. 
The  second  is  the  daily  march  of  temperature 
which  varies  little  from  month  to  month  in 
amount,  and  varies  on  the  average  from  night  to 
day  about  30  degrees.  Although  this  daily  tem¬ 
perature  change  may  be  as  much  as  60  degrees 
and  occasionally  as  low  as  10  degrees,  the  tem¬ 
perature  varies  usually  with  such  regularity  that 
one  can  predict  on  a  clear  day  in  the  morning  just 
what  the  temperature  will  be  at  each  hour  of  the 
day.  The  annual  march  of  temperature  follows 
closely  the  altitude  of  the  sun,  the  temperature 
being  the  highest  in  July  and  lowest  in  January. 
The  regularity  of  the  temperature  and  the  domi¬ 
nance  of  solar  climate  is  shown  clearly  in  fig.  5 
where  the  average  maximum  and  minimum  tem¬ 
peratures  have  been  plotted  for  Kearns  Canyon. 
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Precipitation  has  a  marked  seasonal  distribu¬ 
tion.  The  wet  seasons  are  winter  and  summer,  and 
the  dry  seasons,  fall  and  spring.  In  the  winter, 
precipitation  falls  mostly  as  snow.  The  maximum 
snowfall  occurs  in  January  and  from  then  until 
May  the  precipitation  gradually  decreases.  In 
May  and  June  the  humidity  is  very  low,  and  rain 
rarely  falls.  These  two  months  are  characterized 
by  strong  winds,  causing  sandstorms  and  dust- 
storms  which  make  this  season  the  most  un¬ 
pleasant  of  the  year.  This  dry  windy  season  is 
also  a  factor  in  making  agriculture  precarious, 
for  the  plants  are  often  killed  by  the  sand  cutting 
the  young  tender  shoots.  Protection  from  sand  is 
necessary  for  some  of  the  crops. 

The  summer  rainy  season  usually  begins  sud¬ 
denly  about  the  middle  of  July.  About  3  or  4 
inches  of  rain  falls  on  the  average  during  July 
and  August,  This  rain  usually  falls  not  in  general 
storms  in  which  the  sky  is  completely  overcast 
as  in  the  eastern  United  States  but  as  scattered 
thundershowers,  some  of  great  violence.  For 
periods  of  several  days  or  even  weeks,  in  the 
summer,  the  weather  may  be  entirely  clear,  but 
then  will  begin  a  rainy  period  of  several  days 
duration.  During  this  rainy  period,  the  nights 
are  usually  clear  and  cool  although  rain  occa¬ 
sionally  falls  at  night.  Clouds  form  in  the  middle 
of  the  morning  and  grow  in  size  moving  slowly 
up  over  the  region  usually  from  the  southwest. 
In  the  afternoon  large  thunderheads  grow,  scat¬ 
tered  over  the  region.  Rain  falls  from  these  as 
they  move  across  the  country  drenching  every¬ 
thing  in  their  path.  Sometimes  when  the  air  is 
less  humid,  the  clouds  are  so  high  that  if  rain  falls 
it  may  dry  up  before  reaching  the  ground.  Rarely 
“general  rains  occur”  when  for  periods  of  several 
days  the  whole  region  may  be  clouded  over;  then 
the  temperature  both  at  night  and  during  the  day 
is  cool  and  rain  falls  intermittently  in  light 
showers  or  drizzles.  Even  during  these  storms  the 
sky  is  apt  to  be  clear  during  the  night,  and  the 
distribution  of  rainfall  is  very  irregular  from 
place  to  place. 

Great  storms  may  also  occur  which  are  similar 
to  the  usual  thundershowers  but  are  more  violent, 
and  cover  larger  areas.  A  rainstorm  in  which  over 
one  inch  of  rain  has  fallen  in  a  few  hours  was 
observed  at  least  once  every  summer  at  Jeddito 
in  the  four  years  preceding  1939.  One  storm,  in 
1938,  which  the  writer  observed  was  a  violent 
thunderstorm,  occurring  in  the  middle  of  an 
August  afternoon  in  which  over  one  and  one 


quarter  inches  of  rain  fell  in  less  than  an  hour’s 
time.  It  is  this  type  of  storm  which  is  active  in 
cutting  and  filling  arroyos,  and  which  is  valuable 
in  providing  water  for  crops. 

In  September  the  rainy  season  ends  not  sud¬ 
denly  but  by  a  gradual  lengthening  of  the  intervals 
between  storms.  Fall  weather  is  the  most  pleasant 
in  the  Hopi  country,  being  comfortably  cool, 
dry  and  sunny.  Strong  winds  are  rare  in  this 
season. 


Maximum 
Mean  annual 
Average  maximum 
Average  mean 
Average  minimum 


Minimum 


Fig.  5.  Mean  monthly  precipitation  and  tem¬ 
perature  at  Kearns  Canyon. 

The  wind  direction  in  the  region  is  strikingly 
uniform  during  the  whole  year,  coming  pre¬ 
dominantly  from  the  southwest.  The  summer 
thundershowers  move  up  slope  from  the  south¬ 
west,  and  the  sand-moving  winds  of  spring  strike 
the  landscape  from  the  southwest.  ITie  abundant 
ancient  and  modern  dunes  of  the  region  have  a 
parallelism  suggesting  constant  scouring  from 
this  southwesterly  direction.  However,  other 
winds  are  of  frequent,  but  intermittent  occur¬ 
rence,  and  sand-moving  winds  from  other  direc¬ 
tions  occur. 

Vegetation  of  the  Hopi  Country 

The  mesa  surfaces  of  the  Hopi  country  are 
woodlands  consisting  of  scattered  juniper  and 
pinon  trees  with  interspersed  stands  of  sage  brush. 
The  valleys  and  low  plateaus,  however,  lie  below 
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the  climatic  zone  in  which  these  plants  can  grow 
and  there  only  grasses  and  desert  shrubs  cover 
the  land.  The  dominant  grasses  are  blue  grama 
grass  and  drop  seed,  a  bunch  grass.  The  dominant 
shrubs  are  mormon  tea,  greasewood,  shadscale, 
salt  bush,  snakeweed,  and  rabbit  brush.  Sage  brush 
is  common  also  but  is  confined  to  the  mesa  sur¬ 
faces.8  There  are  many  areas  of  waste  land,  of 
bare  washed  slopes  and  active  sand  dunes. 

Physiographic  conditions  which  determine  soil 
types  have  a  strong  influence  on  the  vegetation, 
especially  in  the  lower  areas.  Areas  covered  by 
fixed  dunes,  for  instance,  make  better  forage  than 
areas  of  clay  or  adobe  soils,  for  they  usually 
support  more  grass. 

A  survey  made  by  David  W.  Dresbach  of  the 
U.  S.  Soil  Conservation  Service®  divides  the  land 
of  the  Hopi  Reservation  into  the  following  areas. 


Forage  types 

Acres 

Percent  area 

Grassland 

169,634 

33.98 

Browse 

257,862 

51.66 

Sagebrush 

3,527 

.71 

Pinon  and  juniper 

38,465 

7.70 

Waste 

19,356 

3.87 

Cultivated 

10,404 

2.08 

499,248 

100.00 

WATER  SUPPLY 
General  Statement 

In  a  region  as  dry  as  the  Hopi  country  water 
supply  is  probably  the  most  important  environ¬ 
mental  factor  determining  the  concentration  of 
population.  Water  is  needed  not  only  for  drinking 
but  also  for  watering  crops,  for  the  rainfall  alone 
is  not  sufficient  for  successful  crop  production. 
Water  for  crops  is  obtained  mostly  from  surface 
runoff,  and  between  floods  is  held  in  porous  soils. 
Some  water,  however,  derived  by  underground 
circulation  is  utilized  by  crops.  Drinking  water 
is  obtained  mostly  from  springs  and  shallow 
wells,  though  a  small  amount  is  obtained  from 
rock  tanks  which  are  filled  by  surface  runoff. 

The  water  supply  of  the  whole  Navaho  country 
has  been  discussed  in  detail  by  Gregory.10  More 
information  can  be  added,  however,  and  an  ac¬ 
count  of  the  occurrence  in  the  Hopi  country 
itself  with  particular  regard  to  the  favorability  of 
the  region  is  important. 

8  See  p.  81  for  scientific  names  of  plants. 

9  U.  S.  Soil  Conservation  Service,  1937. 

10  Gregory,  1916. 

u  Grover,  1939. 


Surface  Water  Supply 

All  of  the  streams  of  the  Hopi  country  and  sur¬ 
rounding  regions  except  a  portion  of  the  Jeddito 
Wash,  are  ephemeral,  and  flow  only  after  heavy 
rains.  The  Tusayan  Washes,  which  consist  of 
the  Jeddito,  Polacca,  Wepo,  Oraibi,  and  Dinne- 
bito  Washes,  are  the  master  streams  of  the  region. 
These  are  long  and  important  streams  which  rise 
high  on  Black  Mesa.  The  Dinnebito  and  Oraibi 
Washes  reach  the  Little  Colorado  River  100 
miles  to  the  southwest.  The  others  drain  to  the 
Oraibi  Wash  or  to  one  of  its  tributaries.  At  the 
present  time  these  washes  all  have  deep  arroyo 
channels.  The  Oraibi  is  probably  the  largest, 
being  80  feet  deep  and  several  hundred  feet  wide, 
near  the  village  of  Oraibi.  All  of  these  washes  are 
in  some  places  cut  to  bed  rock,  but  in  most  places 
they  are  both  floored  and  walled  with  alluvium. 
In  the  stretches  where  the  alluvium  is  shallow 
they  may  contain  small  trickles  of  water  even  in 
dry  weather.  This  perennial  water  is  usually  alka¬ 
line  but  suitable  for  stock.  The  Jeddito  Wash  in 
its  lower  course  has  a  small  perennial  flow  for  a 
distance  of  several  miles. 

No  records  of  flood  discharge  on  the  Tusayan 
Washes  are  available.  There  is  a  gauge  on  the 
Moenkopi  Wash,  however,  which  records  an 
average  discharge  of  about  10  second  feet.  On 
August  4,  1929,  during  a  flood,  this  gauge  re¬ 
corded  a  discharge  of  15,100  second  feet,  almost 
equal  to  the  average  discharge  (17,790  second 
feet)  of  the  Colorado  River  at  Lees  Ferry.11  Thus 
these  relatively  short  ephemeral  streams  at  times 
carry  floods  of  water  equal  in  size  to  the  average 
flow  of  one  of  the  largest  streams  in  the  United 
States. 

Once  runoff  reaches  one  of  the  streams  of  the 
Tusayan  Washes  it  is  in  most  cases  lost  for  use 
by  the  inhabitants,  for  it  is  carried  to  the  Little 
Colorado  River  in  deep  channels.  But  flood  irriga¬ 
tion  is  practiced  along  the  lower  Jeddito  Wash, 
for  it  fans  out  before  reaching  the  Little  Colorado. 
The  government  is  at  present  constructing  a  flood 
irrigation  project  near  the  confluence  of  the  Oraibi 
and  Polacca  Washes  which  will  utilize  these  large 
streams. 

Minor  streams  are  numerous  in  the  Hopi 
country,  but  are  lacking  in  large  areas  on  low 
plateaus  where  thin  but  widespread  deposits  of 
dune  sand  prevent  runoff  almost  completely.  In 
areas  free  of  dune  sand  there  are  many  water 
courses.  Most  of  them  flow  in  arroyo  channels 
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but  fan  out  onto  the  surface  and  deposit  the 
detrital  loads  carried  during  floods  before  they 
reach  the  main  channels  of  the  Tusayan  Washes. 
Their  flood  waters  are  thus  available  for  flood 
irrigation. 

Before  1900  the  main  streams  did  not  flow  in 
arroyo  channels  but  their  stream  beds  were  so 
shallow  that  during  large  floods  they  frequently 
spread  over  their  banks.  The  epicycle  of  erosion 
which  has  occurred  over  the  whole  Southwest 
since  1880  began  somewhat  later  in  this  area. 
These  main  washes  as  well  as  some  of  their 
tributaries  are  now  incised.  Many  of  these  tribu¬ 
taries,  however,  as  yet  remain  unaffected  by  this 
process  and  still  spread  over  their  banks  during 
floods. 

At  present  the  government  has  dammed  many 
of  the  smaller  minor  streams  in  order  to  provide 
reservoirs  to  store  water  for  stock.  This  supply 
rarely  lasts  through  a  whole  year,  being  available 
only  a  few  months  after  the  rainy  season.  The 
prehistoric  inhabitants  apparently  did  not  make 
use  of  this  water  supply  for  no  remains  of  ancient 
reservoirs  have  ever  been  found  in  the  Hopi 
country. 

The  Hopi  make  use  of  rock  tanks  or  cisterns 
however.  These  consist  of  naturally  or  artificially 
enlarged  holes  in  bare  rock  surfaces  to  which 
extend  runnels  carved  out  of  the  rock,  that  act  as 
collecting  channels.  The  rock  tanks  provide  a 
water  supply  of  easy  access  to  the  inhabitants  of 
the  Hopi  towns. 

Ground  Water 

The  principal  supply  of  water  for  drinking  is 
now  obtained  from  springs  or  from  deep  wells 
drilled  by  the  U.  S.  Government  during  the  last 
forty  years.  Wells  are  used  principally  to  supply 
water  for  stock,  and  the  Hopi  still  obtain  most  of 
their  drinking  water  from  springs  or  shallow  dug 
wells. 

The  principal  supply  is  derived  from  springs. 
By  far  the  most  important  type  is  the  mesa  spring 
(fig.  6-1).  Antelope,  First,  Second,  and  Third 
Mesas  are  underlain  by  the  Mcsaverde  sandstone. 
Throughout  this  region  the  highest  layer  is  usu¬ 
ally  a  massive  sandstone  10-30  feet  thick,  which 
is  underlain  by  impervious  clay  or  shale.  Water 
is  stored  in  the  massive  sandstone  and  issues  as 
springs  at  various  points  on  the  mesa  edges  where 
joints  concentrate  the  flow.  Elsewhere  at  this 
horizon  plants  commonly  grow  in  profusion, 
utilizing  the  water  which  seeps  out.  All  the  large 


Fig.  6.  Types  of  springs  common  in  the  Hopi  country: 
1,  Mesa  spring;  2,  contact  spring;  3,  landslide  sprirtg; 
4,  seep  in  dune  hollow. 

springs  such  as  Tallahogan  spring,  Canclva, 
Wepo,  etc.  which  are  used  for  irrigation  are  mesa 
springs.  They  are  further  discussed  on  page  36. 

Much  of  the  drinking  water  in  the  Hopi  coun¬ 
try  is  obtained  from  contact  springs  of  the  type 
illustrated  in  fig.  6-2.  Sand  dunes  and  alluvium 
are  in  many  places  banked  up  against  the  im¬ 
pervious  Mancos  shale  or  shale  of  the  Mesaverde 
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Fig.  7.  The  effect  of  incision  of  streams  on  the  ground 
water  table  in  a  valley  filled  with  alluvium.  In  no.  1  the 
stream  channel  or  arroyo  is  shallow,  and  the  water  table 
is  high.  In  no.  2,  the  arroyo  bottom  is  on  bed  rock,  and  the 
water  table  is  considerably  lower,  its  level  being  deter¬ 
mined  by  the  depth  of  the  arroyo. 

sandstone.  Whenever  a  layer  of  impervious  rock 
is  near  the  surface  under  one  of  these  sand  banks, 
water  may  be  obtained  by  digging  or  may  emerge 
as  a  spring.  The  spring  just  east  of  Awatovi  is  of 
this  type,  as  is  the  spring  at  Jeddito  Trading  Post. 

Contact  springs  in  alluvium  are  common  where 
great  landslide  blocks,  called  Toreva  blocks  by 
Reiche,12  have  slid  off  the  mesa  edges  and  dunes 
of  alluvium  have  partially  covered  them.  These 
blocks  have  fallen  off  the  mesa  on  a  sort  of  para¬ 
bolic  curve  so  that  the  strata  are  turned  up  away 
from  the  mesa,  and  hence  dip  toward  the  mesa 
at  high  angles  (see  fig.  6-3).  Many  of  these  land¬ 
slides  or  Toreva  blocks  are  dissected  by  deep 
arroyos  which  during  a  cycle  of  filling,  have  filled 

12  Reiche,  1937. 

13  Forde,  1931. 


with  detritus,  much  of  which  is  very  coarse.  The 
Toreva  block  acts  as  a  dam,  holding  the  water  in 
the  alluvium  in  back  of  it,  and  the  water  is  con¬ 
centrated  in  the  filled  arroyo  channels.  This  type 
of  water  supply  is  illustrated  by  Spider  Spring, 
near  Hano,  or  by  Lemeva  spring  near  Mishong- 
novi,  both  important  springs.  A  detailed  map  of 
Spider  Spring  is  shown  in  fig.  16,  page  30. 

A  minor  amount  of  water  is  obtained  from 
hollows  in  dunes  which  in  wet  seasons  may  con¬ 
tain  ponds  of  water.  In  some  of  these  hollows  the 
ground  water  table  may  be  tapped  by  digging  a 
shallow  well.  This  water  supply  is  best  developed 
where  free  dunes  cover  an  impervious  bed  rock. 
Examples  are  found  in  the  area  of  free  dunes  on 
First  Mesa. 

The  alluvium  which  covers  the  valley  floors 
of  the  Hopi  country  contains  important  supplies 
of  ground  water.  Much  of  the  alluvium  is  porous 
and  in  many  places  rests  on  impervious  shale 
which  holds  up  the  interstitial  water.  At  the 
present  time  this  important  reservoir  of  water  is 
tapped  by  government  wells  and  pumped  out  by 
windmills  for  the  use  of  live  stock.  In  addition 
many  of  the  arroyos  of  the  Hopi  country  are  in¬ 
cised  in  the  alluvium  deeply  enough  to  tap  its 
water  supply.  Before  the  present  epicycle  of 
erosion  began,  the  water  table  under  the  large 
ephemeral  streams  was  probably  high,  and  water 
could  have  been  obtained  in  many  places  by 
simply  digging  a  shallow  well.  This  process  of 
lowering  the  water  table  by  the  incision  of 
streams  is  illustrated  in  fig.  7. 

Importance  of  Dune  Sand  to  the 
Water  Supply 

There  is  no  doubt  that  the  Hopi  country  has  a 
better  water  supply  than  any  other  region  on  the 
edges  of  Black  Mesa.  This  has  been  accounted  for 
by  the  statement  that  the  dip  of  the  Mesaverde 
sandstone,  a  good  aquifer,  is  to  the  southwest, 
and  therefore  Black  Mesa  serves  as  a  collecting 
basin  for  the  springs  emerging  at  the  southwest 
edges  of  the  mesas  in  the  Hopi  country.13  1  his  ex¬ 
planation  is  geologically  impossible.  Black  Mesa 
occupies  an  elliptical  structural  basin  whose  axis 
is  approximately  an  east-west  line  running  a  short 
distance  north  of  the  Hopi  towns.  Thus  in  the 
area  occupied  by  the  Hopi  the  dip  is  not  to  the 
south  at  all.  Measurement  of  the  basal  member 
of  the  Mesaverde  sandstone,  with  a  Paulin  alti¬ 
meter,  at  various  points  in  a  triangle  between 
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Jcddito,  Shungopovi,  and  Pinon  shows  that  the 
average  strike  of  the  rocks  is  north  70  degrees 
east.  The  dip  in  the  region  of  the  Hopi  mesas,  is 
about  50  feet  to  the  mile  to  the  northwest.  This 
accounts  for  the  fact  that  the  strongest  springs  in 
the  Hopi  country  are  located  as  a  rule  on  the 
northwest  mesa  sides. 

Furthermore,  there  are  seeps  along  the  bases  of 
the  aquifers  all  over  Black  Mesa.  There  is  little 
possibility  of  ground  water  moving  very  far  in 
any  direction.  The  intake  areas  of  all  of  the 
springs  of  the  Hopi  country  are  small  and  are  to 
be  measured  in  tens  or  hundreds  of  acres,  not 
square  miles. 

The  most  important  reason  for  the  abundant 
supply  of  ground  water  is  the  existence  of  excel¬ 
lent  intake  areas.  The  Hopi  towns  are  located  on 
barren,  rocky,  mesa  spurs.  On  broad  mesa  flats, 
nearby,  a  thick  dune  cover  has  been  blown  up 
over  the  mesa  edges.  Bare  sandstone  with  no  soil 
or  vegetation  on  it  makes  a  fairly  good  collecting 
area.  It  is  improved  by  a  cover  of  dunes  which 
greatly  impede  runoff,  and  especially  by  free 
dunes  with  no  cover  of  vegetation. 

It  has  been  shown  in  many  parts  of  the  world 
that  plants  may  use  up  large  supplies  of  ground 
water.  Water  is  taken  into  the  roots  of  plants 
from  the  ground,  and  evaporated  from  the  leaves, 
during  the  growing  season.  This  physiological 
discharge  of  water  is  called  transpiration.  In 
humid  regions,  the  effects  of  transpiration  are 
rarely  important,  because  the  recharge  of  the 
groundwater  by  rainfall  is  relatively  great,  but  in 
arid  and  semi-arid  regions,  the  effects  are  very 
important. 

Elaborate  studies  by  White14  in  the  Escalante 
Valley,  Utah,  on  transpiration  by  plants  similar 
to  those  of  the  Hopi  country  (including  rabbit 
brush,  the  most  common  plant  of  the  dune  areas) 
show  that  in  regions  of  shallow  ground  water  the 
discharge  of  ground  water  by  evaporation  and 
transpiration  about  equals  the  average  annual  re¬ 
charge  from  precipitation.  Studies  of  dunes  in 
Gascony,  by  Edouard  and  Jacques  Harle16  show 
that  planting  of  trees  and  shrubs  for  the  purpose 
of  fixing  dunes,  resulted  in  a  marked  lowering  of 
the  water  table.  Teakle16  noted  that  in  the  agricul¬ 
tural  areas  of  western  Australia,  clearing  of  land 

14  White,  1932. 

16  Harl6,  1920. 

14  Teakle,  1939,  p.  5. 

17  Gregory,  1916,  p.  129. 

18  Gregory,  1916,  p.  146. 


resulted  in  many  cases  in  permanent  streams 
breaking  out  where  only  ephemeral  streams  had 
previously  existed.  Many  studies  showing  such 
effects  of  transpiration  have  been  made.  Trans¬ 
piration  is  undoubtedly  a  very  important  factor 
affecting  the  discharge  of  springs  as  well  as  the 
flow  of  streams  in  the  Navaho  country.  Gregory17 
points  out  the  importance  of  transpiration  and 
evaporation,  and  shows  that  the  exceptionally 
good  springs  of  the  Tuba  district  are  largely  due 
to  the  dune  covered  areas  of  their  large  collecting 
basin,  where  there  is  little  runoff  and  a  porous 
aquifer  beneath  the  dunes.18 

Transpiration  is  especially  important  in  the 
Navaho  and  Hopi  country,  because  well  over 
half  of  the  annual  precipitation  occurs  during  the 
growing  season,  and  a  large  part  of  the  remainder 
falls  as  snow,  which  is  more  liable  to  be  lost  by 
evaporation.  The  dune  areas  which  are  free  of 
vegetation  thus  offer  excellent  intake  areas  for 
ground  water.  Dunes  prevent  runoff  and  most  of 
the  water,  protected  from  evaporation  by  the 
loose  sand  can  seep  into  the  porous  rock  below 
and  issue  from  a  spring  on  the  mesa  side.  The 
importance  of  dunes  is  shown  by  the  map,  fig.  8. 
which  shows  the  large  areas  of  irrigated  gardens. 
These  are  all  fed  by  mesa  springs  (fig.  6-1), 
Tallahogan  spring  is  located  just  below  a  large 
area  of  active  dunes,  free  of  vegetation.  Canelva 
and  Wepo  springs  are  near  the  large  active  dunes 
on  First  Mesa.  There  are  no  large  areas  of  dunes 
on  Second  Mesa  and  no  large  irrigated  gardens. 
At  Hotevilla  on  Third  Mesa,  there  are  irrigated 
gardens,  above  which  is  a  large  area  of  parabolic 
dunes  which  has  been  cleared  for  planting  peaches, 
beans,  and  com.  These  furnish  a  good  in-take 
area.  Other  large  springs  are  commonest  along 
the  points  of  the  narrow  mesa  prongs  where  the 
wind  keeps  the  vegetation  from  growing  too 
thickly. 

At  Jeddito  Trading  Post  there  is  a  contact 
spring  of  type  2  (fig.  6)  which  until  1939  sup¬ 
plied  the  home  of  the  trader,  Mr.  Roberts,  as  well 
as  a  sheep  dipping  vat,  with  abundant  water. 
When  Mr.  Roberts  came  to  Jcddito  in  1920  there 
was  a  large  flowing  spring.  Since  then  he  has 
planted  about  100  trees  in  the  drainage  area  of 
the  spring,  and  in  1936,  he  fenced  in  the  area 
allowing  grasses  and  shrubs  to  grow,  undisturbed 
by  sheep.  Sacaton,  a  ground  water  feeder,  is  the 
most  abundant  plant  in  this  fenced  area.  In  April, 
1939,  he  noticed  that  the  spring  was  low.  In 
September,  1939,  after  a  severe  drought  the  water 
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Fig.  8.  Map  of  the  Hopi  country,  showing  principal  villages,  ruins,  springs,  roads,  and  large  areas  of  active  dunes. 
Note  the  relationship  between  the  large  springs  and  irrigated  gardens,  and  the  areas  of  active  dunes. 


THE  MODERN  ENVIRONMENT 


15 


was  insufficient  even  to  supply  the  Trading  Post. 
The  rainfall  in  1937  and  1938  was  about  normal. 
In  this  case  a  large  spring  has  apparently  become 
nearly  dry  because  of  the  growth  of  vegetation. 

Thus  the  importance  of  a  thick  sand  cover, 
free  of  vegetation,  to  present  a  large  collecting 
area  is  shown  to  be  of  great  importance  to  the 
water  supply.  Without  the  sand  much  of  the 
water  would  run  off  the  mesa  top  on  the  less 
porous  rock  surfaces  or  the  thin  soil.  Other  areas 
of  Black  Mesa  are  less  fortunate.  Protection  from 
the  wind  enables  thick  juniper  forests  to  grow  and 
consume  large  supplies  of  water.  It  may  be  that 
where  there  are  now  high  dunes,  overgrown  with 
vegetation,  near  the  mesa  edges,  it  might  pay  to 


remove  the  vegetation  by  plowing  or  harrowing 
and  thus  increase  the  flow  of  seeps  or  springs 
below. 

The  surface  of  Antelope  Mesa,  not  now  occu¬ 
pied  by  the  Hopi,  is  covered  with  thick  sand,  and 
the  mesa  edges  are  in  many  places  buried  by  it, 
but  the  springs,  except  at  Tallahogan  Canyon,  are 
not  very  large.  When  the  region  was  thickly 
settled  in  pre-Spanish  times  it  is  probable  that 
agricultural  activity  of  the  Indians  kept  the  por¬ 
tions  of  the  mesas  near  the  towns  free  of  vegeta¬ 
tion,  and  that  springs  were  then  as  plentiful  on  the 
rim  of  Antelope  Mesa  as  they  now  are  on  First 
and  Third  Mesas.  The  modem  springs  are  thus 
no  measure  of  the  water  supply  of  the  past. 


Chapter  II 

THE  INHABITANTS  OF  THE  HOPI  COUNTRY 


THE  HOPI  RESERVATION 

THE  region  now  referred  to  as  the  Hopi 
Indian  Reservation  is  an  area  of  780  square 
miles,  surrounded  by  the  Navaho  Reservation 
which  is  23,994  square  miles  in  size.  Their 
boundaries  are  indicated  in  fig.  1.  A  few  years 
ago  the  Hopi  Reservation  was  much  larger.  It 
extended  northward  as  far  as  the  northern  part  of 
Black  Mesa  and  as  far  south  as  the  Hopi  Buttes. 
It  included  the  Jeddito  Valley  and  Howell  Mesa, 
(see  fig.  2).  The  Hopi  did  not  occupy  this  large 
region,  however,  and  confined  their  activities  to  a 
much  smaller  area.  Accordingly  new  boundary 
lines  were  drawn,  and  the  present  Hopi  Reserva¬ 
tion  boundary  divides  quite  closely  the  spheres  of 
activity  of  the  Navaho  and  Hopi. 

For  administrative  purposes,  the  Hopi  Reserva¬ 
tion  as  shown  in  fig.  1  is  referred  to  as  Land 
Management  Unit  No.  6  by  the  U.  S.  Soil 
Conservation  Service.  The  statistics  presented  in 
the  following  pages  refer  to  the  area  of  this  unit 
and  are  taken  from  a  land  planning  report  of  the 
U.  S.  Soil  Conservation  Service  for  1937. 

The  reservation  is  easily  reached  by  a  well- 
maintained,  graded  road  from  Holbrook,  Arizona, 


POPULATION 

The  inhabitants  of  the  Hopi  Reservation  num¬ 
ber  about  3,000.  Probably  over  100  of  them  are 
Navahos.  Government  officials  and  white  em¬ 
ployees,  probably  number  about  100  also.  The 
rest  are  Hopis. 

The  Indian  Agency  is  at  Kearns  Canyon,  on 
the  eastern  edge  of  the  Reservation.  It  contains  a 
hospital,  administrative  offices  and  a  boarding 
school.  Day  schools  are  located  at  Polacca,  To- 
reva,  Shimopovi,  Oraibi,  and  Hotevilla,  in  or  near 
main  Hopi  villages,  and  there  is  a  High  School  at 
Oraibi. 

There  are  only  four  trading  posts  in  the  reser¬ 
vation,  but  there  are  seven  or  more  small  stores 
operated  by  Hopis. 

ECONOMY 

The  Hopi  are  primarily  an  agricultural  people. 
Today  they  obtain  a  large  income  from  other 
sources,  which,  however,  are  the  result  of  new 
industries  brought  in  by  the  white  man  or  by  the 
influence  of  the  white  man’s  economic  world.  The 
U.  S.  Soil  Conservation  Service  estimates  the 
division  of  income  as  follows : 


TABLE  COMPILED  BY  THE  U.  S.  SOIL  CONSERVATION  SERVICE 

INCOME  (1937) 


Item 

Commercial 

Non- 

Commercial 

Total 

Income 

Percent 
of  Total 

Approx. 
Per  Cap. 
Annual 
Income 

Amount 

Percent 

Amount 

Wages 

$164,301.84 

72.18 

$164,301.84 

32.47 

$53.10 

Livestock* 

40,275.78 

17.69 

$  11,250.00 

51,525.78 

10.18 

16.65 

Agriculture 

5,369.78 

2.36 

267,177.69 

272,547.47 

53.86 

88.09 

Woodland  products 

7,361.19 

3.23 

7,361.19 

1.45 

2.38 

Rugs  and  blankets 

6,056.05 

2.66 

6,056.05 

1.20 

1.96 

Miscellaneous 

4,279.66 

1 .88 

4,279.66 

.85 

1.38 

$227,644.30 

100.00 

$278,427.69 

$506,071.99 

100.00 

$163.56 

*  The  non-commercial  income  from  livestock  is  a  round  figure  estimate. 


about  90  miles  to  the  south.  Another  road,  less 
well-travelled,  runs  from  Winslow  to  Polacca  and 
another,  farther  west  from  Winslow  to  Oraibi. 
1  he  main  east-west  road  of  the  Navaho  Reserva¬ 
tion  running  from  Window  Rock  to  Tuba  City 
passes  through  the  Hopi  Country. 


Wages:  The  wages  are  primarily  of  govern¬ 
ment  employees.  $160,609.84  was  paid  to  Hopis 
or  residents  of  the  Hopi  country  by  the  govern¬ 
ment.  and  $3,692.00  was  paid  in  wages  by 
traders.  The  wages  were  paid  for  various  services, 
teaching  and  care  of  schools  being  the  most  im- 
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portant.  Hospital  work,  road  work,  coal  mining, 
sheep  dipping  etc.  are  other  sources  of  wages: 
These  activities  are  entirely  foreign  to  the  Hopi 
and  introduced  by  the  government.  Thus  this 
large  source  of  income,  which  is  paid  out  in  turn 
for  work  which  greatly  benefits  the  Indians  was 
completely  lacking  before  the  arrival  of  the 
Anglo-Americans. 

Live  stock:  The  live  stock  on  the  Hopi  Reserva¬ 
tion  is  divided  as  follows  (1937): 

Present  Stocking  (1937) 


Sheep  11,202 

Goats  317 

Cattle  7,695 

Burros  and  horses  5,085 


These  animals  are  grazed  on  the  reservation 
throughout  the  year.  At  present  they  furnish  ten 
percent  of  the  income  of  the  Hopi.  About  three 
fourths  of  this  income  is  commercial,  and  derived 
from  the  sale  of  wool,  meat,  live  animals,  and 
pelts  and  hides. 

The  Hopi  have  had  some  live  stock  income 
ever  since  the  introduction  of  domestic  animals 
by  the  Spaniards  in  the  sixteenth  and  seventeenth 
centuries.  Before  that  time  the  only  domestic 
animals  which  they  had  were  turkeys  and  dogs, 
so  that  most  of  this  source  of  income  is  of  recent 
development. 

Woodland  products:  Woodland  products  consist 
mostly  of  pinon  nuts,  gathered  by  the  Hopis  out¬ 
side  the  Hopi  Reservation.  Some  wood  is  used  for 
fence  posts,  firewood,  and  building.  Wood  prob¬ 
ably  always  has  been  used  for  firewood,  and  in 
building  construction.  Its  value  as  a  resource 
must  have  increased  greatly,  however,  when  the 
Spaniards  introduced  iron  axes  and  beasts  of 
burden  making  the  gathering  of  wood  less  labori¬ 
ous.  Before  the  arrival  of  the  Spaniards  the  Hopi 
heated  their  houses  with  coal.1 

Rugs  and  miscellaneous:  Rugs  and  blankets  and 
miscellaneous  products,  which  include  plaques, 
jewelry,  baskets,  and  pottery  account  for  about 
three  percent  of  the  income.2  These  items  have 
always  been  a  source  of  income,  both  commercial 
and  non-commercial,  for  the  Hopi  today  manu¬ 
facture  ceremonial  garments  which  are  sold  to 
other  Pueblo  peoples.  This  relationship  is  a  part 
of  a  long  standing  tradition. 

1  See  Hack,  1942. 

!  This  figure  may  include  rugs  woven  by  the  Navaho 
Indians  living  within  the  Hopi  Reservation. 

*  See  Jones,  1936. 

4  Gregory,  1915b. 


Agriculture:  The  remaining  source  of  income  is 
agriculture,  which  constitutes  fifty-four  percent 
of  the  total.  Of  the  whole  agricultural  income  of 
5272,547.47  only  $5,369.00  or  about  1  percent 
is  considered  commercial,  and  most  of  this  amount 
consists  of  products  sold  to  traders  which  are 
resold  to  Hopis. 

Thus  the  largest  source  of  income  today  is  from 
agriculture.  The  remaining  income  is  derived 
mostly  from  wages,  paid  for  activities  which  are 
of  recent  introduction.  The  third  largest  source 
is  derived  from  live  stock,  and  introduced  since 
the  seventeenth  century. 

Manufactured  goods  such  as  pottery  and  rugs 
have  always  furnished  some  income  but  only  an 
insignificant  share  of  the  total,  and  not  enough  to 
affect  the  real  wealth  of  the  Hopi.  The  introduc¬ 
tion  of  live  stock  and  of  government  activities 
and  improvements,  has  certainly  greatly  increased 
the  standard  of  living,  for  the  commercial  income 
derived  from  these  sources  is  spent  mostly  for 
food  and  clothing  which  cannot  be  grown  or 
made  on  the  reservation.  In  the  prehistoric  Hopi 
economy  the  important  item  of  clothing  was  an 
agricultural  product,  for  the  early  Spanish  ex¬ 
plorers  report  many  cotton  fields  among  the  Hopi 
farms.3 

THE  HOPI  VILLAGES 

There  are  twelve  important  Hopi  villages. 
Moenkopi  would  make  a  thirteenth  but  lies  out¬ 
side  the  reservation  and  about  100  miles  west  of 
Hotevilla.  It  was  settled  in  the  1 870’s  by  a  group 
of  emigrants  at  Oraibi  who  took  advantage  of  the 
permanent  water  available  in  Moenkopi  Canyon 
for  irrigation.  Gregory4  has  described  the  history 
and  geography  of  this  outpost  village  and  it  is  not 
discussed  here.  The  other  Hopi  villages  are  in  the 
Hopi  Reservation.  One  of  them,  Old  Oraibi, 
has  been  inhabited  at  least  since  1100  A.D.  and 
thus  claims  to  be  the  longest  continuously  occu¬ 
pied  village  in  the  United  States.  In  1906,  Old 
Oraibi  and  New  Oraibi  together  were  the  most 
important  towns  of  the  whole  Hopi  country, 
having  a  population  of  about  1,200.  During  1906  a 
quarrel  ended  in  the  emigration  of  large  numbers 
of  the  inhabitants  who  founded  Hotevilla  in  1906 
and  Bacobi  in  1907.  Hotevilla  is  now  the  largest 
of  the  Hopi  villages,  having  about  420  inhab¬ 
itants. 

Polacca  is  also  a  recent  development,  having 
grown  up  at  the  foot  of  First  Mesa  in  the  latter 
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part  of  the  nineteenth  century.  Toreva  is  really 
not  a  Hopi  town  but  contains  a  school  and  mis¬ 
sion.  The  remaining  six  towns  are  all  built  on  the 
ends  of  the  projecting  spurs  of  Black  Mesa,  and 
have  all  been  founded  since  1680. 5  The  inhabitants 
before  that  time  lived  in  villages  below  the  mesa 
tops  and  apparently  moved  up  on  top  after  the 
Pueblo  rebellion,  perhaps  in  fear  of  the  Spaniards. 
Hano  is  a  village  of  Tewa  Indians,  whose  an¬ 
cestors  moved  over  from  the  Rio  Grande  region 
at  this  same  time  or  shortly  thereafter.6 

The  Hopi  are  village  dwellers,  who  are  accus¬ 
tomed  to  change  their  ways,  or  their  place  of 
abode  more  slowly  than  their  neighbors,  the 
Navaho.  Their  homes  are  permanent  structures, 
built  of  sandstone,  with  wood  and  mud  roofs. 
The  location  of  their  dwellings  is  largely  de¬ 
termined  by  their  agricultural  economy  and  by 
the  water  supply.  The  largest  springs  of  the 
whole  region  are  located  near  the  mesa  ends  on 
the  south  side  of  Black  Mesa,  where  the  large 
quantities  of  sand  on  the  mesa  tops  make  good 
intake  areas  for  the  springs  below. 

Agriculture  and  especially  flood  irrigation  leads 
to  central  locations  for  dwellings.  The  Hopi 
farms  are  located  in  the  valleys  and  on  the  mesa 
sides,  in  every  bit  of  land  suitable  for  farming. 
Although  fields  are  in  many  places  far  apart  and 
some  of  the  largest  of  them  are  on  the  most 
distant  borders  of  the  Hopi  Reservation,  cen¬ 
trally  located  permanent  dwellings  are  desirable, 
for  the  position  of  fields  change,  and  several  fields 
are  usually  cultivated  by  the  same  family.  Small 
farmhouses,  near  fields  far  from  the  central  towns, 
are  commonly  occupied  by  individual  families 
during  small  parts  of  the  year. 

EARLY  HISTORY  OF  THE  HOPI 
AND  THE  PEOPLE  OF  THE 
JEDDITO  VALLEY 

The  history  of  the  Hopi  before  the  arrival  of 
the  Spaniards  is  known  only  from  archaeological 
research.  Other  reports  of  the  Peabody  Museum 
Awatovi  series  will  deal  with  this  subject  in 
detail.  Agricultural  peoples  ancestral  to  the  mod¬ 
ern  Hopi  have  occupied  the  region  at  least  since 
Basketmaker  III  time  (500-700  A.D.)  and  prob¬ 

6  Colton  and  Baxter,  1932. 

6  See  Colton  and  Baxter,  1932,  for  other  details. 

7  Franciscan  Fathers,  1910. 


ably  earlier.  Ruins  of  villages  and  houses  closely 
resembling  those  of  the  Hopi  are  found  all  over 
northeastern  Arizona,  and  it  is  certain  that  the 
Hopi  are  the  cultural  descendants  of  a  people  who 
once  occupied  a  much  larger  area.  The  cultures  of 
the  San  Juan  and  Little  Colorado  areas  are  the 
most  closely  related. 

The  excavations  of  the  Peabody  Museum 
Awatovi  Expedition  were  carried  on  in  the  Jeddito 
Valley  region  which  lies  on  the  eastern  border  of 
the  Hopi  Reservation.  In  addition  to  many  small 
ruins,  ruins  of  four  large  and  several  medium 
sized  villages,  which  were  occupied  from  about 
1100  to  1500  or  1700  A.D.,  are  found  on  the 
north  side  of  the  valley. 

The  Jeddito  Valley  ruins  are  so  similar  in  con¬ 
struction  to  the  modem  towns  and  their  environ¬ 
ment  is  so  similar,  that  although  the  valley  is 
now  occupied  by  Navahos  it  should  geograph¬ 
ically  be  considered  a  part  of  the  Hopi  country. 
One  Hopi  (Sequi)  still  lives  near  Jeddito  Trading 
Post.  He  is  a  member  of  the  Warrior  Clan,  and 
considers  himself  the  guardian  of  the  Hopis’  right 
to  the  land  of  the  region.  His  wife  is  a  Navaho. 

The  history  of  the  Hopi  is  undoubtedly  affected 
by  the  relatively  recent  intrusion  of  the  Navaho. 
It  is  not  known  how  important  this  effect  is  or 
when  it  began  to  develop.  It  may  be  that  the 
Navaho  were  an  unimportant  tribe  in  the  South¬ 
west  until  they  obtained  horses  from  the  Span¬ 
iards.  There  is  no  evidence  of  the  time  of  their 
arrival  or  of  their  importance  in  prehistoric  time. 
They  are  first  mentioned  by  Fray  Alonzo  Bena¬ 
vides,  O.  F.  M.,  in  his  Memorial  to  the  King  of 
Spain  written  in  1630. 7 

CONCLUSION 

Hopi  economy  except  for  recently  introduced 
activities  is  primarily  agricultural.  Before  the  com¬ 
ing  of  the  white  man  they  must  have  depended 
entirely  on  their  own  resources  for  food,  clothing 
and  shelter. 

Because  of  their  dependence  on  agriculture, 
which  is  certainly  practiced  under  great  diffi¬ 
culties  in  this  dry  region,  the  Hopi  are  very  much 
affected  by  changes  in  their  environment,  and 
the  suitability  of  a  region  for  habitation  depends 
entirely  on  conditions  of  climate  and  physiog¬ 
raphy. 


Chapter  III 

THE  PHYSICAL  BASIS  FOR  HOPI  AGRICULTURE 


SEVERAL  studies  of  primitive  farming  have 
been  made  which  in  a  general  way  point  to 
the  conclusions  presented  here.  Gregory1  de¬ 
scribes  briefly  the  most  important  type  of  Hopi 
and  Navaho  farming,  flood  irrigation  or  flood- 
water  farming.  Bryan2  made  a  more  detailed 
study  of  flood-water  farming  and  gave  examples 
of  its  variations  as  practiced  by  Pueblos  and 
Spaniards.  Studies  of  the  agriculture  of  the  Hopis 
have  been  made  by  Hoover,3  Clarke3a  and  Forde,4 
the  last  with  emphasis  on  the  sociological  prob¬ 
lems  connected  with  farming.  The  reader  is  re¬ 
ferred  to  these  sources  for  other  aspects  of  Hopi 
farming. 

The  present  study  deals  only  with  the  physio¬ 
graphic  aspects  of  farming.  Owing  to  lack  of  rain¬ 
fall  to  produce  either  good  soil  or  enough  water 
for  farming  as  the  Anglo-American  practices  it, 
the  prime  problem  of  the  Hopi  farmer  is  that  of 
watering  his  crops.  The  fields  may  thus  be  classi¬ 
fied  on  the  basis  of  their  water  supply  which,  in 
turn,  depends  largely  on  the  physiographic  posi¬ 
tion  of  the  field. 

The  success  of  the  present  study  is  in  large 
part  due  to  the  excellent  maps  and  agronomy 
surveys  of  the  U.  S.  Soil  Conservation  Service. 
Much  data  obtained  by  this  bureau  was  gener¬ 
ously  loaned  to  the  writer  and  is  used  freely  in 
the  following  pages. 

CROPS 

The  principal  food  of  the  Hopi  is  corn.  This 
is  used  in  many  different  ways.  It  is  ground  into 
meal  and  made  into  bread,  mush,  or  the  delicacy, 
piki.  It  is  eaten  on  the  cob,  or  made  into  hominy 
and  used  in  stew.  Fruit  crops  are  also  important. 
They  may  be  dried  or  stored  for  a  long  time  like 
corn.  They  are  principally  peaches,  melons,  apri¬ 
cots,  and  apples.  In  addition  a  few  grapes  are 
grown.  Beans,  which  arc  grown  in  abundance,  are 
also  an  important  crop.  There  are  a  few  irrigated 
gardens  in  which  small  crops  of  onions,  tomatoes, 
squash,  cabbages,  carrots,  tobacco,  chili,  corn, 

1  Gregory,  1916,  p.  103. 

*  Bryan,  1929b. 

4  Hoover,  1930. 

*•  Clarke,  1928. 


apples,  peaches,  and  other  plants  are  grown. 
These  crops,  though  of  small  amount,  are  prob¬ 
ably  of  importance  in  Hopi  diet  and  ritual.  The 
table  below  shows  the  percentage  of  total  farm¬ 
land  devoted  to  the  production  of  these  various 
plants. 

Percent  of  Total  Area  of  Farmland  Devoted  to 
Various  Crops 


Crop 

Percent 

Corn 

72.0 

Peaches 

8.9 

Apples 

1.5 

Apricots 

2.8 

Melons 

2.6 

Beans 

8.7 

Garden 

.1 

Idle 

2.8 

Some  of  the  plants  now  grown,  notably  peaches, 
and  many  garden  plants  have  been  introduced 
since  Spanish  time.8  In  considering  the  crops  of 
ancient  farmers,  cotton  must  be  considered  as  one 
of  the  important  plants,  even  though  it  is  not 
grown  in  large  quantity  today.  At  the  time  of  the 
coming  of  the  Spaniards  it  was  probably  next  to 
corn  in  importance,  and  apparently  was  planted  in 
the  same  kind  of  fields.6 

RELATION  OF  AGRICULTURE 
TO  CLIMATE 

Problems  of  Climate 

As  was  shown  in  Chapter  I,  the  Hopi  country 
has  a  rainfall  of  only  10  to  13  inches.  Spring  is 
the  driest  time  of  the  year,  and  is  characterized 
by  strong,  sand-moving  winds.  The  growing  sea¬ 
son  is  about  130  days,  a  period  short  enough  to 
permit  considerable  damage  from  frost. 

These  difficulties  are  met  by  die  use  of  crop 
plants  specially  adapted  to  the  region,  by  special 
crop  practices  and  by  the  location  of  fields  in 
physiographic  positions  which  permit  the  con¬ 
centration  and  conservation  of  water. 

Special  Plants 

Hopi  com  is  a  variety  well  adapted  to  the 

4  Forde,  1931. 

5  Whiting,  1939. 

4  Jones,  1936. 
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severity  of  the  climate.  It  is  planted  about  10  to 
15  inches  in  the  ground  to  a  depth  at  which 
moisture  is  held  in  the  sandy  soil.  Ordinary  corn 
cannot  be  planted  deeper  than  3  to  5  inches. 
When  full  grown,  Hopi  com  reaches  a  height  of 
only  3  or  4  feet  except  in  exceptional  cases.7 
This  deep  planting  allows  the  plant  to  gain 
moisture  during  the  dry  spring  and  helps  protect 
it  from  very  late  frosts.  Some  moisture  is  stored 
in  the  subsoil  in  the  proper  locations  throughout 
the  dry  spring. 

In  prehistoric  time  the  Hopi  made  their  clothing 
from  cotton,  which  they  raised  in  the  Hopi 
country.8  The  growing  of  cotton  has  now  ceased 
almost  entirely  except  for  a  small  amount  for 
ceremonial  purposes,  but  at  one  time  cotton  was 
grown  in  flood-water  fields  in  the  same  position 
as  com.  It  is  a  special  variety  known  as  Gossypium 
hopii,  which  can  apparently  be  grown  far  outside 
the  normal  range  of  other  varieties. 

Other  crop  plants  as  far  as  known  are  similar 
to  varieties  grown  in  other  parts  of  the  world. 
Many  varieties  of  the  adaptable  bean  are  found  in 
the  Hopi  country.  Several  plants  such  as  peaches, 
apples,  carrots,  onions,  have  been  introduced  by 
Europeans,  and  thrive  under  the  farming  practices 
of  the  Hopi. 

The  Problem  of  Frost 

The  growing  season  in  the  Hopi  country  has  a 
length  of  about  130  days.  This  period  might  be 
adequate  in  wetter  regions  but  in  the  Hopi  coun¬ 
try  crops  are  often  lost  because  of  damage  by 
frost.  This  is  partly  because  the  water  supply  is 
scanty  and  the  crop  matures  slowly.  An  un¬ 
usually  long  spring  drought  may  require  a  new 
planting  during  the  summer,  with  increased 
danger  of  frost  damage  in  the  fall.  The  Hopi 
usually  begin  planting  com  about  the  15th  of 
April.9  Only  a  small  amount  is  planted  at  this 
time.  It  is  intended  to  be  harvested  at  the  end  of 
July  and  roasted  while  still  green  for  use  in  a 
festival  known  as  the  Nimankatcina.  The  writer 
has  observed  that  many  of  the  fields  in  which  early 
corn  is  grown  are  located  in  narrow  gullies  on 
steep  slopes  where  the  nocturnal  radiation  of  heat 
from  the  gully  walls  protects  the  plants  from 
frost.  About  the  first  of  May  some  watermelon 

7  Collins,  1914. 

8  Jones,  1936. 

8  Forde,  1931. 

10  Forde,  1931. 


and  squash  are  planted.  But  the  main  planting  of 
corn  does  not  take  place  until  the  middle  of  May 
or  about  the  time  of  the  last  killing  frost.  It  lasts 
until  the  summer  solstice  (June  21).  Each  family 
will  have  certain  planting  dates  set  aside  which 
cover  the  whole  of  this  planting  period.  This 
spread  in  planting  dates  may  provide  for  the  loss 
of  early  com  due  to  a  late  frost  in  June  when  the 
crop  may  be  replanted,  or  for  the  loss  of  late 
corn  due  to  an  early  frost  in  the  fall. 

The  harvesting  of  the  com  planted  in  April 
takes  place  at  the  end  of  July,  a  period  of  about 
100  days  from  the  time  of  planting.  This  com  is 
still  green  and  is  roasted  as  part  of  the  Nimankat¬ 
cina  festival.  The  main  harvest  begins  about  the 
25th  of  September,  130  days  after  the  beginning 
of  the  main  planting.  By  this  time  a  frost  has  often 
already  occurred. 

The  dates  of  planting  and  the  growing  season 
for  a  twenty-two  year  period  averaged  from  the 
records  at  Kearns  Canyon  and  Jeddito  are  indi¬ 
cated  diagrammatically  in  fig.  9.  The  planting 
dates  used  are  those  given  by  Forde10  and  apply 
only  to  First  and  Second  Mesa,  whereas  the 
climatic  records  are  taken  from  points  about  15 
miles  to  the  east.  Planting  dates  at  Third  Mesa, 
in  the  western  portion  of  the  Hopi  country  may 
be  somewhat  different.  The  diagram  is  only  a 
rough  indicator  of  the  relation  of  the  planting 
dates  to  the  frost-free  season,  but  it  clearly  shows 
that  the  growing  season  available  is  little  longer 
than  the  season  necessary  to  ripen  com  and  be 
assured  of  good  crops. 

Rainfall 

A  mean  annual  precipitation  of  only  11  or  12 
inches  such  as  characterizes  the  Hopi  country  is 
not  sufficient  to  grow  com  without  special  meth¬ 
ods.  Flood-water  farming  is  necessary  and  is  the 
dominant  type  of  agriculture  in  the  region.  Small 
rains,  such  as  are  of  frequent  occurrence,  may  not 
even  wet  the  ground  and  it  probably  takes  a  rain 
of  .20  or  .30  inch  to  cause  an  arroyo  to  run.  It 
is  only  these  rains  which  are  of  value  for  crop 
production. 

Because  the  rainfall  of  each  day  nearly  always 
occurs  in  a  single  storm  of  short  duration,  it  is 
possible  to  use  the  daily  rainfall  records  as  a 
measure  of  the  amounts  of  rain  which  fall  in 
single  storms.  The  analysis  of  rainfall  concentra¬ 
tion  can  be  shown  in  several  ways.  One  of  the 
most  obvious  is  shown  in  fig.  10.  Here  are  shown 
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Fig.  9.  Relation  of  planting  dates  at  First  Mesa  (after  Forde,  1931)  to  the  length  of  the  frost-free  season  at  Jcddito 
and  Keams  Canyon.  The  black  bars  represent  periods  during  which  frost  occurs.  Shaded  areas  are  times  of  planting 
and  harvest. 


the  number  of  days  each  year  on  which  rain  of 
different  amounts  fell  at  Jeddito  in  the  period 
1935-1937.  There  were  only  four  days  when 
more  than  1  inch  of  rain  fell  and  they  were  all  in 
the  summer.  On  the  other  hand  more  light  rains 
occur  in  winter  than  in  summer.  In  summer  prob¬ 
ably  only  thirty  days  out  of  this  3-year  interval 
have  had  sufficient  rain  to  cause  arroyos  to  run 
and  thus  to  water  the  fields.  This  is  an  average  of 
ten  days  a  summer.  The  yearly  means  from  a 
three  year  record  at  Jeddito  and  a  ten  year  record 
at  Kaycnta,  of  the  total  amount  of  rain  which 
falls  in  storms  of  over  .30  inch  during  each 
month  are  shown  in  fig.  1 1 .  The  totals  arc  a  meas¬ 


ure  of  the  moisture  effective  for  the  watering  of 
fields  and  available  each  month.  This  diagram  also 
shows  that  this  effective  rainfall  is  most  concen¬ 
trated  in  the  summer  months.  Note  that  there  is 
twice  as  much  effective  rainfall  at  Jeddito  as 
there  is  at  Kaycnta. 

But  flood-water  farming  docs  not  depend  on 
the  absolute  amount  of  precipitation  available.  It 
depends  on  location  so  that  a  sufficient  frequency 
of  floods  occurs.  Thus  a  field  might  be  located  in 
a  region  where  the  frequency  of  heavy  rains  is 
very  low,  but  might  receive  water  from  a  drain¬ 
age  area  where  the  frequency  of  heavy  rains  is 
very  high.  Most  of  the  fields  in  the  Hopi  country 
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Fig.  10.  Diagram  showing  the  sizes  of  storms  in  which 
rain  has  fallen  in  the  winter  and  summer  seasons,  for  a 
period  of  three  years,  at  Jeddito  Trading  Post.  Each  bar 
represents  the  number  of  days  on  which  precipitation  of  the 
amount  shown  in  the  vertical  column  has  occurred.  Note 
that  large  rains  are  not  frequent,  and  are  more  common 
in  the  summer  than  in  the  winter. 

are  now  located  on  very  short  arroyos,  but  there 
are  many  areas  of  fields  in  the  Navaho  country 
which  are  in  dry  regions  or  even  in  desert  regions 
and  have  a  distant  source  of  flood-waters  in  more 
humid  areas. 

Climatic  Zones  and  Agricultural  Zones 

One  of  the  reasons  why  the  Hopi  country  is 
now  inhabited  by  an  agricultural  people  is  be¬ 
cause  it  lies  in  the  local  climatic  zone  which  is 
most  suitable  for  agriculture.  It  was  shown  on 
page  7  that  in  the  Navaho  country,  which  sur¬ 
rounds  the  smaller  Hopi  country,  the  mean  pre¬ 
cipitation  increases  with  altitude  and  the  length 
of  the  growing  season  decreases  with  altitude.  It 
is  obvious  that  in  regions  with  very  low  precipita¬ 
tion  agriculture  can  hardly  be  practiced  at  all,  and 
in  regions  of  the  highest  rainfall,  the  growing 
season  is  too  short.  The  Hopi  country  lies  in  the 
zone  which  has  10  to  12  inches  of  precipitation, 
which,  as  shown  by  fig.  3,  is  the  favorite  zone  for 
farming.  Dense  farming  areas  outside  of  this  zone 
are  located  either  along  very  large  streams  like 
the  Little  Colorado  River,  or  where  springs  are 
abundant  as  along  the  Echo  Cliff's.  Thus  the 
Navaho  country  can  be  divided  into  zones  of 
agriculture,  related  to  zones  of  climate. 

The  Chuska  Mountains  and  portions  of  the 
Defiance  Plateau  rise  above  the  elevation  at  which 
the  growing  season  is  generally  shorter  than  120 
days.  Much  of  the  area  of  Black  Mesa  which  rises 
to  an  elevation  of  7,500  feet  or  more  probably 
has  a  growing  season  shorter  than  that  suitable 


for  com.  The  length  of  the  growing  season  is  thus 
a  factor  limiting  the  type  of  agriculture  practiced 
by  the  Navaho  and  Hopi  Indians.  In  this  connec¬ 
tion  it  might  be  argued  that  the  corn  grows  more 
rapidly  in  regions  of  higher  precipitation.  Al¬ 
though  this  may  be  true  to  some  extent,  the 
critical  period  in  the  growth  of  the  plant  is  the 


Fig.  11.  Average  monthly  precipitation  at  Jeddito  (3 
year  period)  and  Kayenta  (10  year  period).  The  black 
bars  represent  the  average  amount  of  precipitation  which 
falls  in  storms  of  over  .30  inches. 


Kayenta  Jeddito 
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June  dry  season.  All  the  stations  have  a  very  low 
precipitation  in  this  month  and  the  average  annual 
frequency  of  June  rain  is  only  one  day  greater  at 
Flagstaff,  the  wettest  station,  than  at  Kearns 
Canyon. 

Thus  there  must  be  a  zone  in  the  Navaho  coun¬ 
try  in  the  highest  areas,  and  in  the  areas  of  great¬ 
est  precipitation,  in  which  corn  cannot  be  grown. 
The  lower  limit  of  this  zone  is  probably  defined 
by  the  16  or  18  inch  rainfall  isohyet.  Below  this 
isohyet,  the  growing  season  is  long  enough  for  the 
growing  of  com,  although  the  zone  at  which  com 
crops  are  relatively  safe  from  frost  must  be  con¬ 
siderably  below  the  16  inch  isohyet.  Throughout 
the  lower  areas,  free  from  danger  of  frost,  the 
agriculture  is  limited  by  lack  of  rainfall  or  by 
the  small  frequency  of  rains  of  sufficient  magni¬ 
tude  to  flood  the  fields. 

Flood-water  farming  is  practiced  throughout 
the  Navaho  country,  but  in  the  areas  with  the 
highest  rainfall,  the  fields  are  located  on  smaller 
arroyos  than  they  are  in  the  areas  with  lower 
rainfall.  In  the  driest  regions  only  the  largest 
water  courses,  like  the  Little  Colorado  River,  or 
the  Chinle  Wash,  which  head  in  areas  of  great 
rain  frequency  will  support  agriculture.  Thus  in 
the  10-12  inch  rainfall  zone  (fig.  3)  the  fields  are 
scattered  over  the  country,  between  the  main 
water  courses,  as  in  the  Hopi  country.  Lower 
down  in  the  drier  regions,  the  fields,  which  are 
few,  cluster  along  the  main  water  courses.  The 
Tuba  City  area  appears  to  be  anomalous.  Fields 
in  this  very  dry  region  are  irrigated  by  permanent 
streams  or  by  springs  which  appear  in  the  Moen- 
kopi  Canyon,  and  along  the  base  of  Echo  Cliffs. 

Thus  the  farming  in  the  Navaho  country  may 
theoretically  be  divided  into  four  zones  which 
depend  entirely  on  climate. 

1)  Zone  of  no  com  production  and  scant  farms 
in  which  precipitation  is  over  16-18  inches,  and 
the  growing  season  is  shorter  than  110  to  120 
days. 

2)  Zone  of  precarious  flood-water  farming  in 
which  precipitation  is  over  12  inches  and  less  than 
1 6  to  18  inches,  and  the  growing  season  is  longer 
than  120  days. 

3)  Main  zone  of  flood-water  farming  (on  small 
arroyos)  in  which  precipitation  is  over  9  to  10 
inches  and  less  than  12  to  13  inches,  and  the 
growing  season  is  adequate. 

4)  Lower  zone  of  flood-water  farming  in  desert 
regions  (on  main  water  courses),  in  which  the 
rainfall  is  less  than  9  inches,  and  the  growing  sea¬ 


son  is  adequate.  Farming  in  this  zone  is  precarious 
because  of  the  difficulty  of  protecting  fields  from 
powerful  floods. 

This  theory  of  zonal  distribution  of  agricul¬ 
tural  practices  is  derived  primarily  from  analysis 
of  the  climate.  However  it  may  be  checked  by 
consideration  of  the  map  in  fig.  12  which  shows 
the  location  of  fields  of  the  principal  crops.  This 
map  is  a  reduction  of  the  agronomic  maps  made 
by  the  U.  S.  Soil  Conservation  Service  in  their 
census  of  1937.  Three  administrative  districts 
extending  from  the  northeast  end  of  Black  Mesa 
(Elev.  7,500  feet)  to  the  Little  Colorado  River 
(Elev.  about  4,150  feet  at  Leupp)  are  included. 
The  maps  include  the  entire  drainage  areas  of  the 
two  largest  Tusayan  Washes,  the  Polacca  and 
the  Oraibi.  District  5  is  the  driest  of  the  three 
districts  and  is  occupied  by  Navaho  Indians  (Pop. 
1,212-1.0  per  square  mile).  District  6  is  occupied 
mostly  by  Hopis  (Pop.  2,779-3.6  per  square 
mile),  and  District  4  on  Black  Mesa  is  inhabited 
almost  entirely  by  Navahos  (Pop.  2,422-1.6  per 
square  mile). 

At  the  headwaters  of  the  Tusayan  Washes 
there  are  few  fields,  and  the  crops  are  principally 
oats,  potatoes  and  alfalfa.  No  corn  is  grown  in  the 
fields  having  the  highest  altitudes.  This  is  the 
climatic  zone  in  which  com  cannot  be  grown  be¬ 
cause  of  the  short  growing  season.  Further  down 
toward  Pinon,  the  number  of  fields  increases,  and 
com,  beans,  and  melons,  which  are  the  principal 
crops  of  both  Hopi  and  Navaho  predominate.  In 
this  region  the  main  streams  are  entrenched  in  the 
alluvium  of  the  narrow  canyons  of  Black  Mesa 
and  fields  are  planted  mostly  on  the  floors  of 
small  tributary  canyons  at  the  ends  of  short  gullies 
or  water  courses. 

In  District  6  the  fields  are  relatively  dense.  Here 
they  are  located  mostly  at  the  ends  of  shallow 
arroyos  of  somewhat  greater  length  than  those 
utilized  in  the  area  to  the  north.  The  much  greater 
concentration  of  fields  in  this  region  is  of  course 
due  in  part  to  the  fact  that  its  population  has  an 
agricultural  economy  whereas  the  inhabitants  of 
District  4  are  primarily  stock  raisers.  However 
this  reasoning  may  be  reversed.  The  Hopi,  as 
the  first  comers,  undoubtedly  chose  to  inhabit 
District  6  because  it  is  a  more  favorable  place  for 
agriculture  than  Districts  4  or  5. 

In  District  5  there  are  almost  no  fields.  Accord¬ 
ing  to  the  theory  of  agricultural  zones,  and  ac¬ 
cording  to  Gregory’s  map  (see  fig.  3)  there 
should  be  fields  scattered  along  the  course  of  the 


Fig.  12.  Map  of  the  drainage  basins  of  the  TusayanWashes,  including  Navaho  Land  Management  Units  4,  5  and  6. 
Shows  the  zoning  of  agricultural  crops  from  low,  warm  and  dry  areas  (along  the  Little  Colorado  River),  to  high  cold  and 
wet  areas,  where  crops  which  mature  quickly  are  most  common. 
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Little  Colorado  River.  Most  of  the  fields  in  this 
district  are  located  near  Leupp  in  a  government 
planned  irrigation  project.  Mr.  J.  W.  Bush  of 
Dilkon  Trading  Post  informed  the  writer  that  at 
one  time  fields  were  located  along  the  Little 
Colorado,  but  were  unsatisfactory  because  of  fre¬ 
quent  destruction  by  large  floods.  Colton11  has 
shown  that  in  1880  the  stream  bed  of  the  Little 
Colorado  River  was  much  narrower  than  it  is 
now,  and  contained  a  well-regulated  perennial 
stream.  Cottonwood  grew  in  abundance  on  its 
banks,  and  pools  and  stream  were  inhabited  by 
beavers. 

The  map  of  the  agriculture  in  these  three  dis¬ 
tricts  (fig.  12)  bears  out  the  idea  of  zoning  of 
agriculture  in  the  Navaho  country.  The  Hopi 
country  is  in  the  most  favorable  zone  where  the 
growing  season  is  adequate,  and  where  the  rain¬ 
fall  is  sufficient  to  permit  the  location  of  fields 
over  a  larger  portion  of  the  region  than  in  the 
lower  zones.  Even  in  the  Hopi  country  less  than 
3  percent  of  the  area  is  actually  farmed.  Fig.  3 
shows  that  there  are  many  portions  of  the  zone 
of  favorable  climate  (rainfall  9  to  13  inches)  in 
which  there  are  few  fields  and  in  which  the  popu¬ 
lation  is  small.  Thus  the  favorability  of  the  Hopi 
country  is  dependent  on  some  factor  other  than 
climate.  This  factor  is  its  physiography,  for  it  is 
characterized  by  wide,  frequently  flooded  valleys 
and  the  presence  of  unusually  large  quantities  of 
wind-blown  sand  both  of  which  increase  the  sup¬ 
ply  of  ground-water  available  both  to  plants  and 
to  man. 

SOILS 

The  agricultural  soils  of  the  Hopi  country  are 
almost  entirely  transported.  Fields  are  usually 
located  in  areas  of  soil  accumulation  so  that  almost 
no  soils  in  which  crops  are  grown  ever  have  a 
chance  to  develop  profiles.  The  usual  classifica¬ 
tion  of  soils  is  thus  of  little  significance  for  Hopi 
agriculture.  In  a  general  way  they  are  classified 
as  follows: 

I.  Soils  transported  by  water  (alluvial  soils) 

A.  Clayey  soils — apt  to  be  alkaline 

B.  Sandy  soils — well  drained 

II.  Soils  derived  by  slope  wash  on  steep  mesa  sides 
(colluvial  soils) — are  gravelly,  sandy  or  clayey 

III.  Soils  transported  by  the  wind  (eolian  soils) 

A.  Active  dunes 

B.  Ancient  dunes,  usually  containing  caliche. 

11  Colton,  1937. 


Soils  transported  by  water  are  the  most  im¬ 
portant  class  because  fields  irrigated  by  flood 
waters  are  planted  on  this  type.  Such  soils  may 
be  entirely  clayey  silt,  sand  or  loam,  with  all 
transitions  between,  depending  on  the  source  of 
the  material  transported.  The  more  clayey  soils 
are  apt  to  be  alkaline  because  they  cannot  be  well 
drained  in  every  location,  for  flood  waters  are 
apt  to  be  ponded  on  them  and,  not  being  able  to 
sink  into  the  ground,  dry  up  and  deposit  salts. 
There  are  areas  in  the  Hopi  country,  otherwise 
ideally  situated  for  farming,  where  there  are  no 
fields  because  of  a  clayey  soil  and  poor  drainage. 
The  clay  flat  at  the  Naha  well  in  the  Jeddito 
valley  may  be  such  an  area.  The  soils  in  the  Oraibi 
Valley  and  in  the  Polacca  Valley  are  generally 
more  clayey  than  those  in  the  Dinnebito  or 
Jeddito  Valleys,  probably  because  the  Mancos 
shale  supplies  more  of  the  debris  of  the  Polacca 
and  Oraibi  Washes.  The  upper  portion  of  the 
Jeddito  Valley  contains  only  areas  of  sandy  rocks 
and  therefore  the  soils  of  the  valley  are  sandy 
and  porous. 

A  few  farms  are  found  on  the  steep  mesa  edges 
or  on  benches  of  mesas  where  soil  composed  of 
dune  sand,  blocks  of  debris,  pottery  fragments, 
trash  and  weathered  shale,  has  collected  by  slope 
wash.  These  soils  are  very  variable  in  texture  but 
are  relatively  porous. 

The  greater  part  of  the  Hopi  country  is  under¬ 
lain  by  sandy  soils  transported  by  the  wind. 
Wind-blown  sand  mantles  all  the  interstream 
divides  as  well  as  the  mesa  edges  and  mesa  tops. 
The  dunes  covering  the  lower  plateaus  of  the 
southern  three  quarters  of  the  Hopi  Reservation 
are  mostly  very  ancient  and  now  fixed  by  vegeta¬ 
tion.  This  is  true  of  the  dunes  far  back  on  the 
mesa  tops.  The  sand  of  these  areas  has  been 
subjected  to  weathering  for  several  thousands  of 
years  and  on  this  account  has  developed  thin  films 
of  caliche  around  the  sand  grains.  In  some  places 
rainwash  has  altered  and  subdued  the  form  of  the 
dunes  and  concentrated  the  finer  material  in  hol¬ 
lows  and  low  places.  But  few  fields  are  planted 
in  these  areas  and  the  soil  type  is  of  minor  eco¬ 
nomic  importance. 

Close  to  the  mesa  edges  and  around  the  foot  of 
the  mesas  fresh  dune  sand  is  piled  up  in  many 
large  dunes,  either  active  now  or  partially  fixed. 
The  soils  of  these  dunes  contain  very  little  ma¬ 
terial  not  classified  as  sand.  Fields  are  commonly 
placed  on  such  dune  sand  because  of  its  great 
waterholding  capacity. 
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CLASSIFICATION  OF  FIELDS 

The  Hopi  apparently  have  an  excellent  prac¬ 
tical  knowledge  of  the  action  of  physiographic 
processes,  for  the  position  of  their  fields  is  closely 
related  to  the  concentration  of  surface  runoff  and 
the  flow  of  ground  water.  Fields  on  dunes  are 
located  in  the  proper  place  so  as  to  take  full 
advantage  of  the  moisture  available  in  them,  and 
the  position  and  construction  of  the  wind 
breaks  attest  to  the  Hopi’s  knowledge  of  eolian 
processes. 

Fields  are  first  classified  on  the  basis  of  their 
water  supply,  which  in  turn  depends  upon  their 
physiographic  position.  There  are  four  main 
classes  which  may  be  further  subdivided  on  the 
basis  of  position  or  type  of  soil: 

I.  Fields  watered  by  surface  runoff  (flood-water 
farming) 

1.  Akchin  fields  (at  arroyo  mouth) 

2.  On  floodplains  of  large  streams 

3 .  On  flood  terraces  of  large  arroyos 

4.  In  bottoms  of  small  arroyos 

5.  Trinchera  fields  (on  artificial  terraces  in  drain¬ 
age  ways) 

6.  Watered  by  hillside  wash  (probably  not  found  in 
Hopi  country) 

II.  Fields  watered  by  rainfall 

1 .  Sand  dune  agriculture— sandy  soil 

2.  In  alluvial  and  other  soils  (in  higher  parts  of 
Navaho  country) 

III.  Fields  watered  by  underground  seepage  (seepage 

fields) 

1.  In  dune  sand 

2.  In  colluvial  soils 

3.  In  dune  hollows 

IV.  Irrigated  fields  (usually  in  colluvial  and  alluvial 

soils) 

1.  Irrigated  by  diversion  of  permanent  streams 
(not  found  in  Hopi  Reservation  but  common  at 
Moenkopi) 

2.  Irrigated  from  springs 

Of  the  four  main  types  of  water  supply,  fields 
watered  by  surface  runoff  are  most  important. 
Flood-water  farming  is  the  main  agricultural  prac¬ 
tice  and  about  73  percent  of  the  cultivated  land  is 
farmed  in  this  way.  The  remaining  27  percent  is 
mostly  farmed  by  the  use  of  sand  dune  agriculture, 
a  form  of  “dry”  farming.  Seepage  fields  and  irri¬ 
gated  gardens  occupy  only  a  small  part  of  the 
land.  Only  1 1  acres  in  District  6  (Hopi  Reserva¬ 
tion)  are  watered  by  springs  but  this  small  acre¬ 
age  is  of  very  large  value  both  because  the  crop  is 
somewhat  more  desirable,  and  because  it  is 
free  or  almost  free  of  risk  of  loss. 


FLOOD-WATER  FARMING 
General  Statement 

On  ordinary  farms  of  the  eastern  United  States, 
crops  are  watered  by  the  rain  that  actually  falls 
on  the  field  and  by  the  moisture  that  is  stored  in 
the  ground  between  rains,  but  the  rainfall  in  the 
Hopi  country  is  inadequate  for  such  farming.  In 
flood-water  farming  the  crops  are  watered  by  the 
runoff  of  an  area  much  larger  than  the  area 
actually  cultivated.  The  moisture  is  stored  in  the 
soil  between  floods  and  provides  a  constant  water 
supply  for  the  plants  except  during  long  droughts. 
Flood-water  fields  are  thus  always  located  in  a 
water  course  or  adjacent  to  a  water  course,  in 
such  a  position  that  during  a  flood  large  quantities 
of  water  will  pass  over  the  field,  but  not  so 
rapidly  as  to  wash  out  the  crop.  In  the  Hopi  coun¬ 
try  the  water  courses  are  dry  arroyos  or  washes 
which  flow  after  every  large  rain  in  their  drainage 
area,  but  which  are  dry  between  rains.  On  the 
watersheds  of  such  streams,  light  falls  of  rain  or 
heavy  rains  sink  rapidly  into  the  ground.  When 
after  continued  rain  the  upper  layers  become 
saturated,  runoff  begins  and  the  intricate  network 
of  runnels,  gullies,  arroyos,  and  washes  begins 
to  carry  more  and  more  water  as  muddy  spates  or 
floods.  The  peak  flood  in  a  large  arroyo  in  the 
Hopi  country  occurs  some  time  after  the  begin¬ 
ning  of  the  rain  and  water  will  flow  for  several 
hours  after  the  rain  ceases  because  of  the  excess  of 
water  that  has  seeped  into  the  ground.  The  larger 
washes  may  flow  for  several  days  after  a  heavy 
rain.  A  field  located  so  as  to  catch  part  of  the 
flood  of  an  arroyo  will  thus  receive  a  larger 
quantity  of  water  and  be  soaked  for  a  much 
longer  time  than  any  piece  of  ground  not  in  a 
water  course  or  on  a  floodplain. 

Akchin  Fields 

The  most  common  location  for  a  flood-water 
field  in  the  Hopi  country  is  on  an  arroyo  of  inter¬ 
mediate  size  at  its  so-called  mouth  or  at  the  place 
where  there  ceases  to  be  a  channel  and  the  water 
spreads.  An  arroyo  starts  its  course  on  steep 
slopes,  where  the  quantity  of  water  flowing  with 
great  velocity  erodes  its  walls  and  banks.  Further 
down  the  stream  gradient  flattens  and  the  load  of 
silt  being  carried  in  the  water  increases.  Finally 
a  point  is  reached  where  the  stream  can  no  longer 
erode  but  must  deposit  its  load.  Here  the  channel 
ceases  rather  abuptly  and  a  shallow  fan  is  built 
up,  over  which  the  water  spreads.  This  is  the 
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Fig.  14.  Cultivated  akchin  field  in  the 
Tallahogan  Valley. 


arroyo  mouth,  called  the  “akchin”  by  the  Papago 
Indians  and  accepted  as  a  technical  term  by 
Bryan.12  The  akchin  is  a  favored  place  for  the 
location  of  a  field  because  the  runoff  of  the  entire 
watershed  of  the  arroyo,  which  has  been  concen¬ 
trated  in  the  stream  channel,  spreads  out  naturally 
over  a  relatively  smooth  surface  without  the  aid 
of  artificial  spreading. 

Many  akchin  fields  are  shown  on  the  map,  fig. 
13.  At  present  this  is  by  far  the  most  common 
type  of  field  in  the  Hopi  country.  Their  relative 
number  would  be  strikingly  shown  on  the  map 
had  the  minor  watercourses  been  indicated.  The 
akchin  of  an  arroyo  is  not  a  fixed  location,  be¬ 
cause  its  position  depends  upon  the  ratio  of  the 
velocity  of  the  flowing  water  to  the  relative 
volume  of  debris  carried.  In  one  flood  the  critical 
point  at  which  deposition  occurs  may  be  down¬ 
stream  from  the  similar  point  for  another  flood. 
The  result  is  that  the  alluvial  fan  produced  by 
one  flood  may  be  channelled  by  the  next  and  a 
new  fan  will  form  below.  Thus  the  akchin  is 
really  an  elongate  area  which  is  subject  to  chan¬ 
nelling  and  may  change  its  shape  from  one  flood 
period  to  the  next.  Sometimes  it  may  even  be  that 
the  whole  akchin  will  move  upstream  or  down¬ 
stream. 

Fig.  14  shows  an  akchin  field  which  has  changed 
its  position  and  which  is  located  on  a  shallow 
alluvial  fan.  The  field  was  formerly  higher  up- 

12  Bryan,  1929b. 


stream.  The  map  also  shows  the  effect  of  the 
wind.  High  dunes  are  located  just  above  the 
akchin  where  sand  has  collected  after  being  blown 
off  the  field.  Fields  are  ideal  areas  for  the  wind 
to  pick  up  sand,  for  in  order  to  farm,  the  fields 
must  be  cleared  of  shrubs  and  weeds,  and  since 
there  is  a  wide  space  between  plants  the  wind  has 
a  clean  sweep.  This  sand  is  an  important  factor 
in  the  prevention  of  channelling  of  the  akchin  and 
also  it  tends  to  maintain  it  in  a  stable  position  since 
it  hinders  the  eroding  work  of  the  floods. 

Fig.  15  shows  a  typical  Hopi  farm.  The  house 
in  the  center  of  the  farm  is  occupied  by  the  farmer 
and  his  family  during  the  growing  season,  for  the 
location  is  about  8  miles  from  Sichomovi  where 
he  lives  during  the  largest  part  of  the  year.  The 
small  arroyo  on  the  left  waters  a  melon  patch, 
where  a  small  earthen  dike  or  spreader  is  set  up 
at  the  top  part  of  the  akchin  artificially  to  prevent 
channelling  or  washing  out  of  the  crop  during 
floods.  The  cornfield  on  the  right  of  the  farm  is 
watered  by  a  much  larger  arroyo.  The  course  of 
the  floodwater  across  the  field  is  in  part  controlled 
by  the  labor  of  the  farmer  who  aids  in  spreading 
the  water  by  digging  channels  to  areas  that  are  in 
danger  of  being  left  dry.  One  can  see  the  Hopi 
farmers  out  working  in  the  fields  during  almost 
every  flood  of  the  growing  season.  Sometimes 
water  will  be  diverted  to  each  plant  individually 
if  there  is  danger  from  drought.  A  fence  now  sur¬ 
rounds  the  field.  Vegetation  grows  along  its 
edge  and  the  wind  and  water  tend  to  pile  up  debris 
along  it.  The  result  is  a  ridge  of  sand  two  or  three 
feet  high,  at  the  north  end  of  the  field.  Even  with¬ 
out  a  fence,  sand  piles  up  into  a  ridge  at  the  lower 
end  of  the  field  if  the  wind  blows  in  the  right  di¬ 
rection,  for  this  is  the  limit  of  the  cleared  land  and 
the  wind  is  apt  to  scour  out  the  sandy  alluvial  soil 
of  the  akchin  and  blow  it  off  the  cleared  area  onto 
the  more  thickly  overgrown  areas  just  surround¬ 
ing  it.  Such  a  ridge  of  sand  of  course  helps  to 
stabilize  the  position  of  the  field  and  to  hold  the 
water  for  a  longer  period  of  time.  Such  ridges  are 
so  common  that  abandoned  fields  may  be  located 
by  them.  In  airplane  photographs  they  produce  a 
rectilinear  criss-cross  pattern  on  the  ground  where 
there  have  been  many  fields  with  changing  posi¬ 
tions.  The  action  of  the  wind  as  well  as  the  arti¬ 
ficial  spreaders  of  the  farmer  have  the  effect  of 
hindering  changes  in  the  stream  gradient.  Thus 
akchin  farming  in  no  way  favors  the  cutting  of 
arroyos  but  in  fact  it  rather  has  a  tendency  to 
prevent  it. 
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Fig.  IS.  A  typical  group  of  fields  of  the  akchin  type,  worked  by  one  Hopi,  in  the  Tallahogan  Valley. 


Fields  Located  on  Floodplains 
of  Streams 

Another  common  location  for  fields  is  a  posi¬ 
tion  along  the  course  of  a  shallow  arroyo  where 
the  water  will  spread  over  a  wide  area  during  a 
flood.  Shallow  arroyos  like  the  Tallahogan  Wash 
vary  considerably  in  depth  along  their  courses 
and  in  some  places  are  so  shallow  that  the  water 
can  easily  be  diverted  by  earthen  spreaders.  A 
field  located  in  such  a  position  is  in  reality  an 


akchin  field  even  though  the  arroyo  on  which  it  is 
located  is  a  large  one  and  continues  as  such 
below  the  field. 

Before  the  present  cycle  of  arroyo  cutting  be¬ 
gan  (in  1900  in  the  Oraibi  Valley  and  in  1910?  in 
the  Polacca  Valley)  many  fields  were  located 
along  the  main  streams.  The  Indians  at  Oraibi  arc 
said  to  have  farmed  by  the  use  of  the  floodwaters 
of  the  main  stream  of  the  Oraibi  Valley  and  to 
have  had  large  spreaders  and  ditches  which  con- 
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Fig.  16.  Trinchera  field  in  an  arroyo  tributary  to  the 
Wepo  Wash,  below  the  village  of  Hano.  The  gully  walls 
are  rock. 

trolled  the  course  of  the  floods,  (see  page  58).  At 
the  present  time  the  Tallahogan  Wash  is  the 
only  wash  of  large  size  which  is  now  shallow 
enough  to  flood  its  banks,  and  it  does  so  only  in 
small  portions  of  its  course. 

Many  farms  which  are  adjacent  to  the  Polacca 
Wash  are  visible  in  fig.  13.  These  are  all  akchin 
fields  watered  by  tributaries  of  the  Polacca  which 
have  never  cut  through  the  alluvium.  Some  of 
these  tributaries  are  quite  large  and  water  many 
fields.  If  the  present  cycle  of  erosion  continues 
and  headward  cutting  proceeds  from  the  main 
arroyo  channels,  eventually  these  akchin  fields 
will  be  destroyed.  In  a  long  enough  period  of  time 
all  the  tributary  streams  will  be  graded  to  the 
main  streams  and  incised. 

Fields  on  Low  Flood  Terraces 
of  Large  Arroyos 

Most  of  the  large  arroyos  of  the  Hopi  country 
have  low  but  wide  terraces  in  them,  which  are 
usually  about  10  to  15  feet  above  the  stream  bed. 
These  terraces  form  just  below  the  level  of  the 
highest  floods,  and  represent  the  new  floodplains 
which  are  beginning  to  form  above  the  stream 
beds  of  the  incised  arroyos  by  lateral  migration 
of  the  streams.  These  terraces  or  incipient  flood 
plains  are  thus  overspread  during  all  large  floods. 
In  lesser  floods  they  are  moistened  by  under¬ 
ground  seepage  of  water.  They  are  favored  loca¬ 
tions  for  cornfields,  many  of  which  are  seen  on 
the  flood  terraces  of  the  Oraibi  Wash.  They  have 
the  disadvantage  of  being  subject  to  destruction 
by  violent  floods. 

13  Sauer  and  Brand,  1931. 


Fields  in  the  Bottoms  of  Arroyos 

Fields  are  occasionally  planted  in  the  bottoms 
of  arroyos.  These  situations,  like  fields  on  ter¬ 
races  in  arroyos,  are  subject  to  the  danger  of  being 
washed  away  during  a  flood.  Accordingly  only 
arroyos  which  have  small  drainage  areas  are  suit¬ 
able. 

Trinchera  Fields 

A  field  in  a  small  arroyo  bottom  can  be  greatly 
improved  and  made  relatively  safe  from  violent 
floods  by  building  stone  dams  across  the  arroyo, 
making  a  series  of  terraces,  called  trinchera  plots. 
The  term,  trinchera,  has  been  used  to  describe 
terraces  constructed  of  stone  work  on  hillsides  in 
Mexico.13  Ordinarily  trincheras  are  thought  of  as 
extending  around  a  hillside.  In  the  Hopi  country 
trincheras  are  located  principally  in  small  arroyos 
on  mesa  sides  and  are  constructed  for  the  purpose 
of  holding  soil  and  controlling  the  course  of  flood- 
waters.  Some  trincheras,  or  terraces  built  of  stone, 
are  found  on  hillsides  in  irrigated  gardens,  and 
are  described  on  page  37. 

Fig.  16  shows  a  typical  trinchera  field  at  Spider 
Spring  below  the  village  of  Hano.  A  rock-walled 
gully  cutting  through  a  steeply  inclined  landslide 
block  is  dammed  in  several  places  by  small  checks 
made  with  piles  of  small  sandstone  blocks  and 
brush,  making  several  flat,  even  terraces.  Corn  is 
the  crop  planted  in  these  situations,  which  is 
nearly  always  of  “early”  type.  It  is  planted  in 
April,  long  before  the  date  of  the  last  killing  frost 
in  Spring,  and  is  harvested  in  July.  These  localities 
in  narrow  gullies  with  steep  gradients  are  likely 
to  be  frost  free  on  cold  nights  as  there  is  always 
a  good  circulation  of  air  in  a  gully,  and  nocturnal 
radiation  from  the  bare  rock  gully  walls  should 
help  warm  the  plants.  It  is  believed  that  the  Hopi 
go  to  a  great  deal  of  trouble  to  make  such  gullies 
suitable  for  planting,  because  of  the  value  of  the 
early  corn  crop,  which  is  associated  with  feasts 
and  celebration. 

Fields  Watered  by  Slope  Wash 

Bryan  describes  fields  watered  simply  by  slope 
wash  at  the  break  in  slope  on  a  valley  side.14  Such 
fields  have  not  been  observed  in  the  Hopi  country, 
probably  because  the  valley  sides  are  usually 
underlain  by  a  very  sandy  alluvium  or  by  dune 
sand,  which  banks  up  against  the  sandstone  cliffs. 
There  is  little  runoff  from  such  material.  The 

14  Bryan,  1929b. 
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runoff  comes  principally  from  the  mesa  walls 
themselves  and  flows  in  the  arroyo  courses  to  the 
point  where  it  spreads  out  at  the  akchins  on  the 
valley  floor. 

Relation  of  Cultivated  Areas 
to  Watersheds 

With  the  exception  of  the  type  cited  above,  all 
flood-water  fields  depend  on  the  concentration  of 
the  runoff  of  a  much  larger  area  than  that  of  the 
field  itself.  This  volume  of  water,  having  been 
concentrated,  must  again  be  spread  out  evenly 
enough  and  gently  enough  so  as  not  to  wash  out 


either  flat  mesa  top  or  low  plateau  surface  covered 
with  old  dunes  and  therefore  has  almost  no  run- 
off.  Thus  actually  about  3  to  4  percent  of  the 
area  on  which  runoff  takes  place  can  be  said  to 
be  cultivated.  T,  his  figure  is  comparable  to  the 
percentage  arrived  at  from  fig.  17. 

The  main  streams  of  the  Hopi  countrv,  whose 
watersheds  are  principally  on  Black  Mesa  are 
now  deeply  incised.  Before  this  dissection  oc¬ 
curred  the  runoff  of  an  area  many  times  larger 
than  the  Hopi  country  was  brought  into  the  Hopi 
country  and  there  spread  over  the  flood  plains  of 
its  master  streams.  In  other  words  the  farm  land 
of  the  Hopi  country  was  watered  not  only  by  the 


Fig.  17.  Relationship  between  areas  of  cultivated  akchin  fields  and  the  areas 
of  the  watersheds  which  supply  them  with  water. 


the  plants.  Where  the  runoff  of  a  large  water¬ 
shed  is  concentrated  a  large  field  can  be  placed. 
Where  the  watershed  is  small,  the  field  must  be 
small.  Actually  there  seems  to  be  in  the  Hopi 
country  a  fairly  constant  ratio  between  the  size 
of  fields  and  the  watersheds  which  supply  them. 
Several  fields  and  watersheds  are  shown  in  fig. 
17.  In  these  fields  the  area  farmed  is  between  3 
to  6  percent  of  the  area  of  the  whole  drainage 
basin.  The  ratio  varies  considerably  because  of 
differences  in  amount  of  runoff  from  one  water¬ 
shed  to  another.  Runoff  from  sandy  watersheds 
is  less  than  from  those  that  are  mostly  bare  shale 
slopes.  In  the  whole  Hopi  country  the  area  culti¬ 
vated  by  flood-water  farming  is  less  than  2  percent 
of  the  total  area.  About  one  half  of  the  area  is 


runoff  from  land  within  its  own  boundaries  but 
also  by  the  runoff  from  the  upper  drainage  basins 
of  the  Tusayan  Washes.  Thus  the  area  which 
could  be  farmed  must  have  been  much  larger  than 
it  is  today.  The  effect  of  the  recent  epicycle  of 
erosion  has  been  not  only  to  reduce  the  amount  of 
flood-water  farming,  but  to  shift  the  position  of 
fields  from  the  floodplains  of  large  streams  to  the 
akchins  of  tributary  streams.  Inasmuch  as  the 
Hopi  country  is  characterized  by  unusually  broad 
valleys,  which  contain  many  streams  tributary  to 
the  main  through-flowing  streams  or  washes,  the 
effect  of  arroyo  cutting  is  less  devastating  to  its 
agricultural  inhabitants  than  in  other  areas  where 
farmers  are  dependent  solely  on  the  flood-water 
of  the  main  streams. 
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SAND  DUNE  AGRICULTURE 
Principles 

Fields  on  the  bare  sandy  areas  of  mesa  tops  and 
mesa  slopes  are  second  in  area  to  flood-water 
fields.  There  is  no  obvious  source  of  moisture  for 
these  fields  except  that  which  falls  as  rain.  On 
less  porous  soils,  rainfall  alone  is  inadequate  as  a 
source  of  moisture,  but  it  is  apparent  that  crops 
can  be  grown  in  dune  sand,  owing  to  its  superi¬ 
ority  as  a  storage  reservoir  for  moisture.  There 
are  several  sub-types  of  this  sand  dune  agricul¬ 
ture  all  of  which  depend  on  the  ability  of  the 
highly  porous  sand  to  store  and  conserve  mois¬ 
ture.  By  far  the  most  common  situation  of  sand 
dune  fields  is  where  a  more  or  less  thin  cover  of 
dune  sand  (one  half  to  three  feet  thick)  rests  on  a 
less  pervious  sub  soil,  which  being  on  a  mesa  top 
or  mesa  side  is  probably  colluvial,  derived  by 
rainwash  and  slope  wash.  Many  Hopi  fields  are 
known  to  be  planted  on  a  thin  cover  of  sand. 
When  abandoned  the  sand  is  blown  away  and 
reveals  the  thicker  colluvial  soil  or  bare  rock  be¬ 
low. 

Colton15  has  compared  Indian  farming  on  sand 
with  the  well-known  “dry  farming”  as  developed 
and  practiced  in  the  Great  Plains.  In  this  method 
of  farming  penetration  of  moisture  into  the  soil  is 
promoted  and  the  moisture  obtained  is  con¬ 
served.  The  essential  procedure  is  to  treat  the 
top  soil  differently  from  the  lower  layers  of  the 
soil.  The  land  is  plowed  deeply  and  thus  loosened 
at  depth.  Plowing  is  followed  by  light  packing 
of  the  surface  and  then  by  deep  planting.  After 
each  rain  the  top  layer  of  the  soil  is  harrowed  to 
produce  a  dry  mulch  which  invites  penetration  of 
rain  and  prevents  evaporation  of  the  soil  moisture 
below.  In  Hopi  sand  dune  agriculture,  the  loose 
surface  of  the  sand  acts  as  a  dry  mulch  which  in¬ 
vites  the  absorption  of  rain  and  which  also  pre¬ 
vents  evaporation.  So  far  as  penetration  of  mois¬ 
ture  is  concerned  the  sand  is  more  effective  than 
the  dust  mulch  of  the  “dry  farming”  method,  as 
it  is  well  known  that  there  is  no  runoff  from  dune 
sand  even  in  the  heaviest  rains.  Furthermore  only 
a  thin  layer  of  the  sand  dries  out  and  the  sand 
below  will  remain  saturated  for  a  long  time  by 
the  water  held  up  by  the  less  pervious  soil  below. 

Many  sand  dune  fields  are  planted  on  large 
climbing  dunes  or  steep  dune  covered  slopes  of  a 
mesa,  where  the  sand  must  be  thick.  A  common 

15  Colton,  1932,  p.  588. 

16  Doubiansky,  1928,  p.  238. 


position  for  fields  is  near  the  base  of  these  climb¬ 
ing  dunes.  Here  water  may  be  supplied  by  under¬ 
ground  seepage  from  the  upper  dune  slopes,  so 
that  some  of  the  fields  in  these  positions  may 
come  under  the  heading  of  seepage  fields. 

Some  sand  dune  fields,  however,  seem  to  re¬ 
quire  some  other  source  of  moisture  to  start 
plant  growth.  Fields  on  the  lower  slopes  of  the 
mesa  walls,  in  many  places  seem  to  be  planted  on 
dune  sand  which  is  perhaps  much  over  10  feet 
thick.  Ground  water  must  be  present  at  depth  in 
these  dunes  and  it  can  probably  be  reached  by  the 
roots  of  mature  plants.  It  is  doubtful,  however, 
that  this  ground  water  is  available  to  young  plants. 
In  sand  the  size  of  that  of  the  Hopi  country,  water 
probably  does  not  rise  more  than  3  feet  above  the 
water  table  because  of  capillary  action,  and  it  is 
not  likely  that  the  water  table  is  within  3  feet  of 
the  surface  in  all  dunes  on  which  crops  are  planted. 

Studies  of  moisture  in  dune  sand  have  been 
made  in  the  Kara-kum  desert  of  Turkestan,  an 
area  with  a  climate  similar  to  the  Hopi  country, 
by  Doubiansky.16  His  observations  show  that  be¬ 
low  a  surface  of  shifting  sand  where  ground  water 
is  present  at  depth  there  is  always  a  zone  of  mois¬ 
ture  (2  or  3  percent)  at  a  depth  of  40  to  120 
centimeters.  Even  though  this  zone  of  moisture  is 
underlain  by  dry  sand,  it  persists  throughout  the 
dry  season,  and  is  available  for  use  by  plants. 

Doubiansky  calls  this  the  sub-superficial  mois¬ 
ture  horizon.  He  believes  that  moisture  is  con¬ 
centrated  at  this  shallow  depth  because  diurnal 
changes  of  temperature  in  the  sand  cause  con¬ 
densation  of  the  vapor  evaporated  from  the 
ground  water  at  great  depth. 

It  may  be  that  there  is  a  sub-superficial  horizon 
of  moisture  in  the  dunes  of  the  Hopi  country 
which  aids  the  growth  of  the  young  plants  during 
the  dry  spring. 

Thus  the  sand  dune  fields  depend  on  the  con¬ 
servation  of  moisture  by  the  superficial  layer  of 
dry  shifting  sand,  and  the  prevention  of  runoff. 
There  must  be  some  soil  moisture  in  the  sand  to 
start  plant  growth,  but  even  so  growth  is  probably 
not  possible  if  the  depth  to  the  capillary  fringe 
above  the  water  table  or  to  a  heavier  clayey  soil, 
is  too  great  for  the  plant  roots  to  reach  it. 

Crop  Practices 

Many  crops  are  planted  in  sand  dune  fields.  The 
most  conspicuous  crop  near  the  Hopi  towns  is 
peaches,  a  crop  introduced  by  the  Spaniards. 
Apricots  and  apples  are  also  found  in  these  fields, 
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but  the  most  important  sand  dune  crop  is  cer¬ 
tainly  beans.  Although  corn  is  the  staple  Hopi 
food,  in  areas  where  sand  dune  agriculture  is 
practiced  beans  seem  to  be  more  abundant  than 
com.  Much  corn  is  also  grown  by  this  method, 
however.  Melons,  an  important  item  in  Hopi 
food  supply,  arc  almost  entirely  confined  to  flood- 
water  fields. 

An  explanation  may  be  found  for  this  selection 
of  crops  in  the  root  habits  of  the  plants.  Melons 
are  conspicuously  absent  from  sand  dune  fields. 
This  is  probably  because  they  have  long,  branch¬ 
ing  lateral  roots,  adapted  only  to  feed  on  soil 
moisture  and  have  no  deep  roots  to  reach  water  at 
depth.17  Beans  have  long  branching  roots  and  are 
very  efficient  in  utilizing  soil  water,  more  so  than 
corn.  They  also  have  deep  roots  which  may  go  to 
some  depth  for  ground  water.18  They  thus  may 
be  better  adapted  to  this  type  of  situation  than 
com,  for  they  may  get  their  start  by  utilizing  the 
scant  soil  moisture,  and  when  grown  penetrate 
the  zone  of  saturation  at  depth,  or  the  capillary 
fringe  above  it.  Com,  peaches,  and  other  fruits 
also  have  deep  roots. 

Sand  dune  fields  are  the  only  type  which  leave 
clues  by  which  the  archaeologist  may  recognize 
the  places  where  they  once  existed,  for  elaborate 
stone  work  is  used  in  these  fields,  to  protect  the 
plants  from  damage  by  blowing  sand.  The  prin¬ 
cipal  disadvantage  of  this  type  of  dry  farming  is 
that  in  order  to  conserve  the  moisture  in  the 
dunes,  a  large  area  around  the  fields  must  be 
cleared  of  natural  vegetation.  This  leaves  the  crop 
plants  completely  exposed  to  the  wind,  which  is 
most  violent  in  the  spring  when  the  tender  young 
plants  are  just  coming  to  the  surface.  Also  the 
dune  sand  is  looser  and  easier  for  the  wind  to 
move  than  the  siltier  sand  of  the  flood-water  fields. 
Elaborate  methods  must  thus  be  used  to  protect 
the  plants  from  being  torn  to  shreds.  In  fields  not 
greatly  exposed,  as  on  rolling  mesa  tops,  large 
stones  or  tin  cans  are  placed  around  each  plant. 
On  exposed  slopes  more  extensive  measures  must 
be  undertaken.  Many  of  the  fields  arc  located  on 
a  thin  sand  mantle  resting  on  less  pervious  soil  or 
bed  rock,  and  the  sand  itself  is  in  danger  of  being 
swept  away,  when  cleared  for  planting.  To  hold 
it,  lines  of  brush  are  placed  in  rows  about  2  to  5 
meters  apart.  The  brush  is  held  in  place  by  heavy 
stones  which  become  buried  by  the  sand  leaving 
only  the  brush  projecting  from  I  to  3  feet  above 

17  Weaver  and  Bruner,  1927. 

is  Weaver  and  Bruner,  1927. 


Fig.  18.  Abandoned  apple  orchard  of  the  sand  dune 
type  on  Second  Mesa,  near  the  village  of  Shipaulovi. 
This  map  shows  the  use  of  lines  of  stones  to  keep  the  sand 
from  blowing  away  (see  pi.  Via).  These  stones  once  held 
down  lines  of  brush,  which  are  now  destroyed. 

the  sand.  When  a  field  thus  protected  is  aban¬ 
doned,  the  brush  gradually  rots  or  is  cut  away  by 
moving  sand  and  eventually  the  whole  area  is 
blown  clear  of  sand  leaving  only  the  lines  of  stones 
as  evidence  of  the  former  existence  of  a  field.  On 
Second  Mesa  an  abandoned  apple  orchard  w  as 
found  with  most  of  the  sand  blown  away,  but  with 
rotten  brush  still  piled  up  under  the  parallel  rows 
of  stones  (fig.  18,  and  pi.  Via).  Ancient  lines  of 
stones  were  found  in  abundance  in  the  Jcddito 
Valley.  They  arc  described  in  Chapter  VI. 

Favorite  Locations 

Sand  dune  fields  are  probably  most  common  on 
the  mesa  walls  where  the  cover  of  dune  sand  on 
colluvial  soil  is  thin,  or  near  the  base  ot  great 
climbing  or  falling  dunes  banked  up  against  the 
mesa  sides.  Another  common  location  is  on  an¬ 
cient  dunes  on  the  mesa  tops  which  have  been 
cleared  of  vegetation  and  kept  from  becoming  ac¬ 
tive  either  by  the  use  of  wind  breaks,  or  by  leav¬ 
ing  large  uncleared  areas  between.  Sand  dune  agri¬ 
culture  is  not  practiced  in  areas  of  active  dunes. 

The  largest  development  of  this  kind  of  agri¬ 
culture  is  at  the  village  of  Hotevilla  where  accord¬ 
ing  to  U.  S.  Soil  Conservation  statistics  (1937) 
over  60  percent  of  the  cultivated  land  is  watered 
by  rainfall  only,  and  thus  is  farmed  by  the  method 
of  sand  dune  agriculture.  This  figure  is  in  great 
contrast  to  the  figure  for  the  whole  I  lopi  coun- 
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Fig.  19.  Cross  section  of  a  seepage  field  below  Old 
Oraibi  on  the  east  side  of  Third  Mesa  (see  pi.  Vic). 

try,  in  which  less  than  27  percent  of  the  land  is 
watered  by  rainfall  only.  The  inhabitants  of 
Hotevilla  are  unique  in  preferring  this  kind  of 
agriculture.  It  is  a  particularly  favorable  place  for 
it,  however,  because  dune  sand  has  here  banked 
up  against  the  side  of  the  mesa  and  many  good 
sites  for  fields  are  available  near  the  town.  At 
Hotevilla  beans  equal  corn  in  importance  as  food, 
probably  due  to  the  fact  that  this  type  of  farming 
is  better  suited  to  beans.  Such  variation  from  the 
usual  practice  of  Hopi  farming  may  aid  in  the  ex¬ 
planation  of  the  quarrel  at  Oraibi  which  ended  in 
the  migration  of  a  portion  of  its  inhabitants  to 
Hotevilla  and  the  founding  of  that  town,  in  the 
year  1906. 19  In  1893  the  inhabitants  of  Oraibi 
diverted  water  from  the  main  Oraibi  wash  for 
flood-water  farming.  By  1902  the  wash  was  10  or 
12  feet  deep  and  20  to  30  feet  wide;  by  1905  it 
was  deeply  entrenched.20  In  1906  the  quarrel  at 
Oraibi  culminated  in  the  migration  to  Hotevilla, 
a  place  where  the  inhabitants  do  not  depend  so 
much  on  flood-water  farming.  It  may  be  that  one 
of  the  underlying  causes  for  the  split  at  Oraibi 
was  the  crowding  of  farmers,  as  one  field  after 
another  was  destroyed  by  the  cutting  of  the  wash. 
Three  informants  (White,  Hubbell,  Nequatewa) 
assured  the  writer  that  no  quarrel  over  land  hold¬ 
ings  was  involved  but  the  coincidence  in  time  with 
the  cutting  of  the  wash  is  circumstantial  evidence 
which  should  not  be  ignored.  It  may  have  been 
largely  responsible  for  causing  unrest  and  dissen¬ 
sion  which  led  to  a  quarrel  over  an  entirely  differ¬ 
ent  matter. 

FIELDS  ON  COLLUVIAL  SOIL  WATERED 
BY  RAINFALL  ONLY 
In  regions  of  higher  rainfall  it  is  possible  to 

19  Colton  and  Baxter,  1932,  p.  46. 

20  Communication  with  Mr.  Lorenzo  Hubbell. 

21  Brunhes,  1920. 


farm  on  more  clayey  alluvial  soils,  or  colluvial 
soils,  without  making  use  of  the  concentrated 
runoff  of  a  larger  area.  Several  such  “dry”  farms 
have  been  seen  by  the  writer  on  the  Defiance 
Plateau  in  the  zone  of  yellow  pine,  where  the 
mean  annual  precipitation  is  over  16  inches.  But 
these  fields  suffer  from  a  short  growing  season. 
None  are  found  in  the  Hopi  country. 

SEEPAGE  FIELDS 

Seepage  fields  like  the  irrigated  fields  depend 
for  their  water  supply  on  reservoirs  of  ground 
water.  In  the  Hopi  country  the  principal  springs 
are  found  close  to  the  mesa  tops  along  the  base  of 
the  massive  sandstone  cap  rock.  Between  the  few 
springs  water  constantly  seeps  out,  and  in  many 
places  at  this  level  abundant  vegetation  grows  in 
the  moist  soil.  The  base  of  the  massive  sandstone 
is  thus  a  favored  place  for  a  field  if  there  is  any 
colluvial  soil  available  under  it.  A  few  small  fields 
of  this  type  are  found  in  the  Hopi  country  as 
illustrated  in  fig.  19,  and  pi.  Vic,  but  the  occur¬ 
rence  of  colluvial  soil  at  this  horizon  is  rare.  Dune 
sand,  however,  frequently  covers  the  edge  of  the 
mesa  and  is  kept  moist  by  the  underground  seep¬ 
age  of  water,  fields  in  dune  sand  are  very  com¬ 
mon  at  this  horizon.  Naturally  such  a  water  sup¬ 
ply  is  more  reliable  than  rainfall  alone.  It  is 
thought  that  many  of  the  peach  orchards  on  the 
steep  sandy  slopes  of  First  Mesa  are  watered  by 
ground  water  issuing  from  the  cap  rock  of  the 
mesa.  Actually  it  is  often  impossible  to  distin¬ 
guish  a  field  of  this  type  from  a  “dry”  sand  dune 
field. 

In  the  often  cited  oases  of  the  Sahara  Desert, 
groves  of  date  palms  are  grown  in  the  under¬ 
ground  water  supply  available  in  the  dune  hol¬ 
lows.21  Farming  in  dune  hollows  is  done  on  a 
smaller  scale  in  the  Hopi  country,  but  the  prin¬ 
cipal  is  the  same.  Seeps  are  of  common  occur¬ 
rence  in  dune  hollows  (see  fig.  6),  and  in  the  dunes 
of  first  Mesa  this  occurrence  of  ground  water 
is  utilized  for  agriculture. 

IRRIGATION 

General 

There  are  two  kinds  of  irrigation  practiced  by 
the  Hopi.  At  Moenkopi,  which  is  a  distant  out¬ 
post  of  the  Hopi  country,  not  in  the  reservation, 
the  Indians  irrigate  the  alluvial  floor  of  Moenkopi 
canyon  by  diverting  the  water  of  the  wash,  which 
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Fig.  20.  Sketch  map  of  a  portion  of  the  irrigated  gardens  in  I  allahogan  Canyon,  north  of 
the  ruin  of  Awatovi,  showing  the  method  of  watering. 
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is  a  permanent  stream  having  an  average  dis¬ 
charge  of  about  10  second  feet.  The  water  is  run 
into  long  supply  ditches  along  the  base  of  the 
canyon  wall,  and  from  there  it  is  fed  to  field 
laterals  at  regular  intervals  and  spread  over  the 
fields,  which  are  planted  on  a  low,  but  wide 
alluvial  terrace  on  the  canyon  floor.  Corn  is  the 
principal  crop.  For  a  more  complete  description 
see  Gregory’s  study  of  this  area.22 

In  the  Hopi  country  itself,  there  is  no  large 


in  watering  by  this  means  justifies  the  planting 
of  only  the  most  desirable  delicacies.  The  most 
abundant  plants  are  squash,  corn,  turnips,  carrots, 
cabbage,  onions,  chile,  peaches,  apricots,  and 
apples.  In  addition  many  rarer  plants  are  grown 
mixed  with  the  others,  such  as  tobacco  and  cotton 
for  ceremonial  purposes,  and  plants  used  for 
vegetable  dyes. 

Only  clayey  alluvial  soils  are  suitable  for  gar¬ 
den  areas.  Sand  is  too  porous  and  does  not  permit 


Fig.  21.  Map  and  cross  section  of  a  single  garden  plot  in  the  Tallahogan  gardens.  Each  living  plant  is  shown. 


supply  of  permanent  water  and  what  little  there  is 
is  derived  from  springs.  The  largest  spring  used 
for  irrigation  is  the  Wepo  Spring  on  First  Mesa 
(fig.  8)  which  has  a  flow  of  over  30  gallons  a 
minute.  Other  large  Springs  are  Tallahogan  (5- 
10  gallons  a  minute),  Canelva,  and  Hotevilla 
Spring.  These  are  all  mesa  springs  high  on  the 
mesa  side.  The  water  is  conserved  in  a  small 
reservoir,  and  from  there  fed  when  needed  to  the 
fields  below  by  means  of  small  ditches.  All  to¬ 
gether  there  are  only  eleven  acres  of  land  thus 
irrigated.  Nevertheless  the  irrigated  land  is  of 
importance  to  the  Hopi.  The  great  labor  expended 

22  Gregory,  1915b. 


the  water  to  run  down  the  surface  of  the  ground 
from  the  spring  to  the  field.  Thus  nearly  all  the 
irrigated  gardens  are  on  steep  slopes  high  on  the 
mesa  sides,  in  areas  more  or  less  free  of  sand. 

The  Tallahogan  Gardens  as  an  Example 
of  the  Method  of  Watering 

The  gardens  at  Tallahogan  Canyon  close  to 
Awatovi,  are  quite  similar  to  the  other  gardens 
and  serve  as  a  typical  example.  They  occupy  a 
small  area,  but  probably  have  over  25  owners, 
and  contain  numerous  garden  plots.  On  the  south 
side  of  Tallahogan  Canyon  rather  large  springs 
break  out  in  several  places  near  the  top  of  the 
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valley  wall.  Though  dune  sand  covers  much  of 
this  wall  there  are  areas  of  colluvial  soil  watered 
by  springs  on  which  crops  are  planted.  A  portion 
of  such  an  area  is  shown  in  fig.  20  (see  also  pis. 
VId  and  VII).  The  spring  breaks  out  at  the  base 
of  a  sandstone  cliff,  about  25  feet  high.  The  water 
runs  down  a  steep  slope  in  a  little  brooklet,  sur¬ 
rounded  by  a  thick  growth  of  fragrant  mint,  to  a 
small  pool  where  it  is  caught  and  diverted  to  a 
pipe,  which  serves  as  a  water  fountain  for  the 
inhabitants  of  the  houses  nearby.  In  recent  years 
a  large  stone  reservoir  was  built  just  below  the 
spring  but  it  did  not  hold  water  and  had  to  be 
abandoned.  It  still  collects  a  little  water,  however, 
which  seeps  into  the  ground  and  waters  the  peach 
trees  below  by  underground  seepage.  The  main 
flow  of  water  runs  from  the  pipe  into  a  tunnel  in 
a  stone  terrace,  and  down  to  a  cruder  but  more 
effective  earth  and  stone  reservoir.  From  there 
the  distribution  of  the  water  through  the  gardens 
begins.  A  pipe  taps  the  reservoir  and  can  be 
stopped  up  when  irrigation  is  not  going  on.  The 
other  end  of  the  pipe  feeds  a  small  supply  ditch 
about  6  inches  wide  and  4  inches  deep  which 
runs  down  to  the  various  fields.  Diversion  to  the 
proper  place  is  carried  out  by  damming  the 
ditches  and  openings,  not  to  be  used,  with  stones 
and  mud.  The  water  is  carefully  guided  by  each 
owner,  by  means  of  these  little  artificial  runnels 
and  tiny  earthen  dams,  to  each  plant  around 
which  one  can  see  patches  of  wet  ground  after 
irrigation  (pi.  Villa).  Apples,  peaches  and  apri¬ 
cots  are  planted  between  the  irrigated  garden 
plots,  and  on  the  steep  hillside  below  the  reser¬ 
voirs.  They  are  watered  by  the  moisture  which 
seeps  into  the  ground  from  the  channels,  basins, 
and  furrows  of  the  gardens,  for  no  drainage  is  pro¬ 
vided.  The  water  must  escape  through  the  porous 
soil. 

The  method  of  watering  each  garden  plot  is 
shown  more  clearly  in  fig.  21,  which  is  a  map 
of  the  garden  plot  to  the  northeast  of  the  aban¬ 
doned  reservoir.  This  plot  is  fed  by  its  own  reser¬ 
voir.  There  is  no  flowing  spring  here,  but  the 
reservoir  is  dug  just  below  the  level  of  seeps  on 
the  mesa  wall  and  is  kept  full  of  water  by  under¬ 
ground  seepage.  As  in  the  main  reservoir  a  pipe 
leads  to  a  supply  ditch.  Two  kinds  of  irrigation 
are  illustrated.  The  upper  level  of  the  garden 
represents  the  basin  system,  in  which  water  is 
diverted  to  square,  shallow  basins  individually. 
The  onions  planted  here  are  allowed  to  soak  in 
the  water  until  it  seeps  into  the  ground.  When  not 


being  flooded  the  entrance  to  each  basin  is  closed 
by  a  dam  of  stones  and  mud.  The  lower  garden 
or  terrace  represents  a  similar  system  in  which 
the  crops  are  planted  in  the  bottoms  of  large  fur¬ 
rows  rather  than  basins. 

Onions,  cabbage,  turnips,  carrots,  and  chile  are 
usually  planted  in  regular  basins  and  furrows  as 
in  fig.  21.  Com  and  squash  frequently  is  watered 
in  areas  between,  by  individual  runnels  as  at  A, 
fig.  20.  Tobacco  and  probably  other  rare  plants 
are  grown  by  scattering  seeds,  and  watered  by 
the  excess  water  that  escapes  from  basins  and 
furrows. 

Terraces 

As  shown  in  fig.  20  the  Tallahogan  gardens 
contain  many  artificial  terraces,  or  trincheras, 
which  unlike  the  trincheras  of  flood-water  fields 
are  placed  on  the  hillsides.  The  purpose  of  the 
terraces  is  obviously  to  provide  roomy  flat  areas 
on  the  steep  hillsides  on  which  the  crops  can  be 
planted  in  basins  and  furrows  and  fed  with  water 
from  supply  ditches.  On  steep  hillsides  the  ter¬ 
races  are  built  of  sandstone  blocks.  Such  terraces 
average  about  3  feet  in  height  but  may  be  as  high 
as  10  feet.  Lower  down  on  flatter  areas,  earthen 
terraces  are  sufficient. 

Such  stone  work  is  used  throughout  the  Hopi 
country  wherever  this  type  of  agriculture  is  prac¬ 
ticed.  At  Hotevilla  many  closely  huddled  and 
picturesque  stone  terraces  cling  to  the  precipitous 
mesa  wall  directly  beneath  the  village.  They  sup¬ 
port  lush-looking  gardens,  and  make  this  place  a 
favorite  one  for  tourist  visits. 

The  Question  of  Spanish  Origin 

One  of  the  most  important  questions  in  regard 
to  this  system  of  farming  is  whether  or  not  it  is  of 
pre-Spanish  origin.  No  stone  work  has  been  seen 
by  the  writer  anywhere  in  the  Jeddito  Valley 
region  (inhabited  by  the  Hopi  before  Spanish 
time)  which  could  be  identified  as  the  remains  of 
such  gardens.  On  the  other  hand  it  is  possible  but 
rather  improbable  that  large  enough  springs  have 
occurred  only  where  they  arc  now.  Cruder  types 
of  irrigation  without  the  use  of  stone  embank¬ 
ments  may  have  been  practiced,  which  would 
leave  no  trace  of  their  existence.  There  are  now 
only  eleven  acres  of  these  gardens  in  the  Hopi 
country  which  furnish  only  delicacies  and  rare 
plants,  many  of  which  were  unknown  to  the  Hopi 
before  the  coming  of  the  Spaniards.  "Hie  native 
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plants  here  cultivated  and  not  now  grown  in  other 
types  of  fields,  such  as  cotton  and  tobacco,  prob¬ 
ably  could  have  been  grown  in  flood-water  fields. 

CONCLUSION 

Certain  types  of  farming  are  used  for  special 
crops.  Thus  laborious  terracing  of  gullies  on  mesa 
sides  is  undertaken  probably  to  protect  early  com 
from  frost.  Irrigation  from  springs  is  a  more  reli¬ 
able  way  of  farming  and  does  not  depend  on  the 
vicissitudes  of  the  weather.  It  is  laborious,  how¬ 
ever,  and  can  be  undertaken  only  in  small  areas, 
and  is  therefore  reserved  for  specialized  crops, 
such  as  carrots,  onions,  etc. 

But  by  far  the  most  important  type  of  farming 
in  the  Hopi  country  is  flood-water  farming.  Of 
this  type,  farming  in  akchin  fields  is  the  most 
common.  Because  the  Oraibi,  Dinnebito,  Wepo, 
and  Polacca  Washes  have  become  deeply  en¬ 
trenched  since  1900,  their  floodwaters  nowhere 
in  the  Hopi  country  can  spread  over  the  land 
surface.  Before  1900,  therefore,  the  area  available 
for  flood-water  farming  was  much  greater  than 
it  is  today.  Farming  on  main  water  courses  may 
at  that  time  have  been  more  common  than  farm¬ 
ing  on  the  akchins  of  small  arroyos.  The  effect  of 
arroyo  cutting  has  been  to  lower  the  acreage  of 
agricultural  land,  and  also  to  shift  the  position  of 


farms  from  main  arroyos  to  akchins  of  small 
arroyos.  If  the  present  cycle  of  erosion  continues 
for  a  long  enough  time,  trenching  of  arroyos  and 
destruction  of  akchins  may  cause  one  watershed 
after  another  to  be  lost  as  a  source  of  water  sup¬ 
ply  for  farming.  At  present  the  only  watersheds 
of  importance  which  are  trenched,  with  the  excep¬ 
tion  of  the  Kearns  Canyon  Wash,  are  those  of  the 
main  Tusayan  Washes. 

Another  type  of  farming  which  is  of  great  im¬ 
portance  is  sand  dune  agriculture,  a  form  of  “dry” 
farming  which  is  not  affected  by  the  conditions 
of  deposition  and  erosion  in  the  valleys.  In  times 
of  erosion,  when  flood-water  farming  is  not  pos¬ 
sible  in  as  many  places  as  in  more  favorable  times, 
sand  dune  agriculture  may  be  relied  upon  as  a 
surer  means  of  obtaining  crops.  Thus  at  Hotevilla 
sand  dune  agriculture  is  now  actually  more  im¬ 
portant  than  flood-water  farming.  The  abundant 
dune  sand  of  the  Hopi  country  is  thus  as  impor¬ 
tant  in  watering  crops  as  it  is  in  providing  springs. 
In  addition  to  this  contribution  to  the  welfare  of 
the  inhabitants,  the  abundant  wind  blown  sand 
makes  the  alluvium  and  the  alluvial  soil  more 
sandy  than  in  other  parts  of  the  Navaho  country. 
This  makes  for  better  drainage,  and  prevents  ar¬ 
royo  cutting  from  being  as  damaging  as  it  is 
where  there  are  fewer  dunes. 


Chapter  IV 

SAND  DUNES  AND  CLIMATIC  CHANGE 


ON  an  agricultural  people  such  as  the  Hopi, 
changes  in  ecological  conditions  must  al¬ 
ways  exert  a  profound  influence,  and  the  story  of 
their  history  and  prehistory  cannot  be  completely 
understood  without  knowledge  of  the  climatic 
and  geological  factors  that  have  influenced  their 
environment. 

Climatic  change  can  directly  affect  an  agricul¬ 
tural  people  by  altering  the  temperature,  the 
amount  and  availability  of  the  water  supply,  and 
the  duration  of  the  growing  season.  The  indirect 
effects  of  climatic  change  are  probably  even  more 
important.  Long  and  severe  droughts  may  cause 
changes  in  plant  forms  and  thus  induce  epicycles 
of  erosion  as  discussed  in  Chapter  V.  The  South¬ 
west,  with  its  many  abrupt  changes  in  altitude  af¬ 
fording  situations  wherein  slight  climatic  shifts 
may  produce  considerable  change  in  plant  life,  is 
admirably  suited  to  the  study  of  such  phenomena. 

The  record  of  such  climatic  change  is  obscure, 
however.  In  humid  regions  studies  of  pollen  in 
peat  bogs  and  ecological  studies  yield  a  reliable 
record,  and  in  the  Hopi  country  a  sensitive  ac¬ 
count  of  minor  fluctuations  in  precipitation  during 
approximately  the  last  2000  years  is  afforded  by 
tree  ring  analysis.  For  providing  a  broader  picture 
of  climatic  and  ecological  change,  however,  a 
study  of  sand  dunes  promises  a  more  satisfactory 
means.  Similar  studies  have  been  made  elsewhere 
by  Melton1  and  Schultz.  It  is  clear  that  the  Hopi 
country  and  the  western  Navaho  country,  of 
which  it  is  a  part,  are  covered  by  a  widespread 
mantle  of  dune  sand  which  has  been  extended  over 
the  mesas,  plateaus,  and  valleys  of  their  drier 
portions  during  a  large  part  of  Glacial  and  post- 
Glacial  time.  Most  of  this  mantle  of  dunes  is 
ancient,  stabilized  by  vegetation  and  modified  by 
rain  wash.  Here  and  there  active  dunes  are  re¬ 
juvenating  these  ancient  dunes.  In  other  places 
there  is  evidence  of  ancient  wind  action  which 
may  be  related  by  geological  methods  to  events  of 
widespread  occurrence  or  to  archacologically 
dated  sites,  so  that  a  method  of  dating  periods  of 
greater  or  less  wind  action  is  provided. 

1  Melton,  1940;  Schultz,  1928;  see  also  Bryan,  1929a. 

1  This  section  is  condensed  from  a  detailed  paper  by 

Hack,  1941. 


ORIGIN  OF  THE  DUNES  OF  THE 
WESTERN  NAVAHO  COUNTRY* 

General  Description 

The  drier  parts  of  the  western  Navaho  country 
including  the  Hopi  country  are  covered  with 
ancient  and  modem  dunes,  except  where  ephem¬ 
eral  streams  periodically  spread  alluvium,  or 
where  there  is  no  source  of  sand.  This  mantle  of 
dunes  has  a  complex  history  of  alternate  stability 
and  activity.  Today,  wind  action  is  effective  in 
moving  dunes  wherever  the  wind  is  strong  enough 
because  of  an  exposed  location,  or  where  loose 
sand  is  supplied  in  great  enough  quantities  for  the 
vegetation  to  be  destroyed. 

The  difference  in  climate  from  the  lowest  dry- 
regions,  along  the  Little  Colorado  River,  to  the 
highest  wet  regions  on  Black  Mesa,  is  sufficient  to 
affect  greatly  the  type  and  aggressiveness  of  the 
plant  cover  and  thus  affect  the  ability  of  the  wind 
to  move  sand.  Today  the  largest  areas  of  active 
dunes  are  found  in  the  area  of  the  lower  Tusayan 
Washes.  The  proportion  of  stabilized  dunes  to 
active  dunes  increases  toward  the  higher  areas. 
In  the  Hopi  country-,  which  lies  on  the  edge  of  the 
zone  of  juniper  and  pinon,  large  areas  of  active 
dunes  are  found  only  near  cliff  edges  where  large 
quantities  of  ancient  dune  sand  are  piled  up  and 
provide  a  ready  supply-  of  sand.  In  areas  higher 
and  wetter  than  the  Hopi  country  all  the  dunes 
are  stabilized. 

Origin  of  Dune  Forms 

General  Principles.  The  most  important  dune 
types  of  the  western  Navaho  country  may  be 
classified  empirically  on  the  basis  of  their  form 
into  transverse,  parabolic,  and  longitudinal  dunes 
(fig.  22).  Other  dune  types,  of  minor  importance 
depending  for  their  form  on  natural  obstacles  or 
other  local  conditions,  arc  found. 

The  necessary  conditions  for  the  formation  of 
dunes  are  a  source  of  sand,  a  recurrent  wind 
strong  enough  to  move  it,  and  a  place  for  the  dune 
to  form.  In  the  western  Navaho  country  the 
broad  mantle  of  ancient  stabilized  dunes  furnishes 
a  ready  source  of  sand,  wherever  the  vegetation 
is  thinned  by  reason  of  being  in  an  exposed  posi- 
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tion.  In  addition  sand  is  supplied  by  the  action  of 
the  wind  on  alluvium  which  is  spread  out  on  the 
broad  flood  plains  of  ephemeral  streams  during 
periodic  floods.  A  very  small  quantity  of  sand  is 
supplied  by  the  action  of  the  wind  on  bed  rock. 
Active  dunes  are  thus  found  where  the  wind,  or 
climatic  conditions  are  severe  enough  to  inhibit 
the  growth  of  plants,  as  on  an  exposed  mesa 
spur,  or  where  the  supply  of  loose  sand  is  abun¬ 
dant  enough  to  prevent  the  growth  of  plants,  as 
on  a  river  flood  plain. 

The  Role  of  Vegetation.  There  is  no  part  of 
the  Navaho  country  so  dry  that  plants  cannot 
grow  in  it,  but  the  whole  region  is  covered  by 
desert  shrub,  steppe,  or  forest  vegetation.  Regions 
wet  enough  to  support  a  forest  vegetation  contain 
no  areas  of  moving  dune  sand  at  the  present  time. 
Drier  areas,  however,  have  a  plant  cover  which 
is  not  able  to  resist  the  action  of  blowing  sand  if 
it  is  provided  in  large  enough  quantities.  In  these 
dry  regions  it  is  apparent  that  where  little  sand  is 
supplied  to  the  wind,  certain  plants  which  have 
shallow,  spreading  roots,  “bound-sand”  plants 
like  snake  weed  or  grama  grass  are  able  to  bind 
the  surface  sand  and  prevent  much  movement  of 
sand  by  the  wind.  Where  more  sand  is  supplied, 
this  vegetation  is  unable  to  resist  the  shifting  sand 
and  plants  which  have  deeper  roots,  “loose-sand” 
plants  take  their  place.  This  vegetation  allows  the 
movement  of  considerable  quantities  of  sand  and 
thus  allows  dunes  to  form.  Where  still  more  sand 
is  supplied  to  the  wind,  all  the  vegetation  may  be 
destroyed. 

The  types  of  plants  found  on  dunes  can  be  used 
as  a  measure  of  the  amount  of  sand  in  motion,  or 
in  other  words,  as  a  measure  of  modem  wind  ac¬ 
tion. 

Transverse  Dunes.  Transverse  dunes, as  shown 
in  fig.  22,  are  large,  wave-like  masses  of  sand 
aligned  transverse  to  the  direction  of  prevailing 
wind.  This  type  of  dune  includes  the  familiar 
barchan.  Observations  show  that  transverse  dunes 
always  occur  where  vegetation  is  lacking  com¬ 
pletely,  or  where  it  is  so  sparse  that  it  plays  no 
part  in  the  shaping  of  the  dune  forms  by  the  wind. 

In  as  much  as  transverse  dunes  occur  where 
vegetation  is  unable  to  cope  with  the  sand  blown 
by  the  wind,  they  may  be  said  to  be  character¬ 
istic  of  areas  where  large  quantities  of  sand  are 
moved  by  the  wind. 

Fig.  22.  The  three  most  important  dune  types  found  in 
the  western  Navaho  country. 


Transverse  dunes 
and  Barchan 


SAND  DUNES  AND  CLIMATIC  CHANGE 


41 


Parabolic  Dunes.  Parabolic  dunes  are  large 
scoop-shaped  hollows  and  ridges  of  sand.  Where 
most  perfectly  developed  they  consist  of  inter¬ 
woven  parabolic  ridges  of  sand,  with  the  points 
of  the  parabolas  extending  to  windward. 

Parabolic  dunes  are  always  covered  by  a 
vegetation  consisting  of  “loose  sand”  plants, 
which  permit  the  movement  of  sand,  and  yet  re¬ 
strain  the  action  of  the  wind.  Thus  these  dunes 
are  characteristic  of  areas  where  less  sand  is  in 
motion  than  in  areas  of  transverse  dunes. 

Longitudinal  Dunes.  The  most  widespread 
dunes  of  the  western  Navaho  country  are  long 
ridges,  5  to  20  feet  high,  about  300  feet  apart, 
and  in  some  cases  several  miles  long.  Where 
these  dunes  are  active,  the  inter-ridge  areas  are 
covered  by  vegetation  and  the  ridges  support 
either  no  vegetation  at  all,  or  a  sparse  vegetation 
of  “loose-sand”  plants  which  are  able  to  survive 
against  the  action  of  the  large  quantities  of  sand 
blown  along  the  ridge  tops.  The  inter-ridge  areas 
are  in  many  places  covered  by  “bound-sand” 
plants. 

These  dunes,  called  longitudinal  dunes,  are 
characteristic  of  flat  areas,  on  broad  plateau  sur¬ 
faces  where  the  sand  cover  is  thin,  and  where 
relatively  small  quantities  of  sand  are  supplied  by 
the  wind.  They  extend  themselves  to  leeward  be¬ 
hind  restricted  areas  which  supply  sand  to  the 
wind,  such  as  heads  of  gullies,  parabolic  dunes, 
or  grooves  of  deflation. 

Over  most  of  the  dune  areas  of  the  western 
Navaho  country  longitudinal  dunes  are  stabilized 
by  vegetation  and  were  obviously  formed  during 
drier  periods  in  the  past.  It  is  dunes  of  this  type 
which  extend  farthest  into  the  higher  wet  regions. 

Other  Dune  Forms.  Many  minor  types  of 
dunes  occur.  Of  these  the  most  important  are  the 
dunes  influenced  by  large  natural  obstacles  in  the 
path  of  the  wind.  Sand  blown  up  the  windward 
side  of  a  mesa  forms  high,  fan-shaped  or  hump¬ 
backed  dunes,  called  climbing  dunes.  Falling 
dunes  are  similar  in  form,  but  occur  where  sand 
is  dumped  down  the  leeward  side  of  a  mesa  or 
plateau,  or  into  a  canyon. 

DUNES  AS  A  MEASURE  OF 
CLIMATIC  CHANGE 

Longitudinal  dunes  offer  a  clear  indication  of 
climatic  change.  Active  dunes  of  this  type  are 
today  found  only  where  the  mean  annual  pre¬ 
cipitation  is  less  than  about  10  inches.  I  hey  are 


not  found  in  the  zone  of  jumper  and  pifion.  In  as 
much  as  they  depend  for  their  formation  on  a 
limited  supply  of  moving  sand,  they  are  more 
easily  stabilized  by  vegetation  than  other  dune 
forms.  However,  ancient  stabilized  longitudinal 
dunes,  modified  by  the  action  of  running  water 
are  found  where  there  is  now  a  mean  annual  pre¬ 
cipitation  of  at  least  15  inches.  Thus  the  climate 
must  now  be  wetter  by  the  equivalent  of  5  inches 
of  precipitation  a  year  than  it  was  when  these 
ancient  dunes  formed. 

Stabilized  longitudinal  dunes  arc  found  in  all 
parts  of  the  Hopi  country,  and  extend  higher 
onto  Black  Mesa.  It  is  obvious  that  at  some  time 
in  the  recent  past  the  zone  of  juniper  and  pifion 
must  have  been  much  more  restricted  than  it  is 
now,  and  the  Hopi  country  was  wind-swept  and 
barren  like  the  present  treeless  area  of  the  lower 
Tusayan  Washes. 

STRATIGRAPHIC  EVIDENCE  OF 
CHANGES  IN  THE  VIOLENCE 
OF  WIND  ACTION 

A  Period  of  Greater  Wind  Action 

Study  of  the  recent  alluvium  of  several  valleys 
of  the  western  Navaho  country  (Chapter  V) 
shows  that  it  can  be  divided  into  at  least  3  forma¬ 
tions,  the  number  3  fill  or  Naha  formation  (de¬ 
posited  after  1200  to  1300  A.D.),  the  number  2 
fill  or  Tsegi  formation  (deposited  before  and  dur¬ 
ing  the  early  Pueblo  occupation  before  1100 
A.D.),  and  the  number  1  fill  or  Jeddito  formation 
(deposited  still  earlier  and  containing  the  remains 
of  Elephas ) .  The  deposition  of  each  formation  was 
followed  by  a  period  of  erosion  and  dissection. 
In  the  Jeddito  Valley  each  underlies  a  terrace,  the 
Jeddito  formation  being  under  the  highest,  and 
the  Naha  formation  under  the  lowest. 

As  shown  in  Chapter  V  (pp.  50  and  51),  the 
evidence  is  unmistakable,  that  a  period  of  severe 
wind  action  occurred  during  the  erosion  of  the 
Jeddito  formation  and  before  the  deposition  of  the 
Tsegi  formation  in  the  Jeddito  \  alley.  At  this 
time  also,  a  thin  veneer  of  dunes  existed  on 
Skeleton  Mesa,  a  dissected  plateau  north  of  Black 
Mesa,  and  supplied  falling  dunes  which  cascaded 
down  the  southwest  wall  of  Tsegi  Canyon.  Skele¬ 
ton  Mesa  is  now  covered  by  a  dense  woodland  of 
juniper,  pinon,  and  Douglas  fir,  which  prevents 
any  movement  of  sand. 

Thus  during  the  Jeddito — Tsegi  erosion  inter¬ 
val  the  western  Navaho  country  must  have  been 
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Fig.  23.  Dune  forms  of  the  Jeddito  Valley  and  the  southern  portion  of  Antelope  Mesa.  Note  that  dunes  are  not 
well  developed  in  the  area  underlain  by  the  Tsegi  and  Naha  formations. 


much  drier  than  it  is  at  present,  and  able  to  sup¬ 
port  a  much  less  aggressive  vegetation  which 
over  large  areas  allowed  the  movement  of  sand 
by  the  wind. 

As  argued  in  Chapter  V,  it  is  probable  that  this 
period  of  severe  wind  action,  and  greater  dryness 
corresponds  to  the  post-Glacial  optimum  of  cli¬ 
mate  which  occurred  between  5000  and  2000  B.C. 

A  Period  of  Less  Severe  Wind  Action 
in  the  Jeddito  Valley 

Following  the  post-Jeddito  dry  period  and  dur¬ 
ing  the  deposition  of  at  least  the  younger  portion 
of  the  Tsegi  formation,  there  is  evidence  that 
wind  action  was  less  severe  than  it  is  today.  Pre¬ 
sumably  early  in  the  first  millennium  A.D.,  agri¬ 
cultural  people  ancestral  to  the  modem  Hopi 
occupied  the  Jeddito  Valley  and  Antelope  Mesa 
regions.  Many  of  their  dwellings  were  built  on 
stabilized  dunes,  composed  of  sand  cemented  by 
calcium  carbonate. 

At  locality  H  (fig.  23)  a  Pueblo  I  pit  house  oc¬ 
curs  on  a  fixed  longitudinal  dune  more  or  less  un¬ 
disturbed  since  occupation.  At  locality  E  (fig.  23) 
a  Pueblo  II  site  occurs  on  a  fixed  longitudinal 


Contour  Interval  IM.  Datum  Assumed 
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Fig.  24.  A  fixed  parabolic  dune  near  the  ruin  of  Chak- 
pahu  at  locality  D,  fig.  23,  showing  the  location  trench  and 
pit,  and  section  A-B,  fig.  25. 
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Fig.  25.  Cross  section  A— B,  of  a  portion  of  the  parabolic  dune  shown  in  fig.  24. 


dune,  whose  surface  is  formed  by  a  hard  layer  of 
caliche  8  inches  thick. 

Along  the  southern  edge  of  Antelope  Mesa 
several  sites  show  that  early  Pueblo  and  Pueblo 
III  dwellings  were  built  on  stabilized  dunes, 
which  are  now  or  have  been  rejuvenated  since  the 
sites  were  abandoned.  A  site  at  locality  D  (fig. 

23)  near  the  ruin  of  Chakpahu  presents  the  clear¬ 
est  case.  Its  setting  is  shown  in  detail  in  a  map 
(fig.  24)  and  in  the  section  (fig.  25).  i\t  this  place 
a  wagon  road  runs  around  the  south  slope  of  an 
ancient  parabolic  dune  covered  by  common  sage¬ 
brush  and  grama  grass.  Where  the  road  crosses 
the  southeast  arm  of  the  dune  at  locality  A  (fig. 

24) ,  a  small  blowout  is  forming  which  contains 
abundant  pottery.  A  trench  at  this  point  discloses 
a  fire  pit  about  1  meter  below  the  surface.  This 
fire  pit  rests  in  a  fine,  clean  sand  (median  .19 
mm.)  which  is  sterile  of  pottery.  Overlying  the 
fire  pit  is  coarser  sand  (median  .25  mm.)  con¬ 
taining  charcoal.  A  test  pit,  dug  at  the  top  of  the 
parabolic  dune  discloses  only  sand  containing 
charcoal.  Thus  the  dune  is  composed  mostly  of 
sand  younger  than  the  fire  pit,  and  the  dune  ob¬ 
tained  its  present  shape  after  the  building  of  the 
fire  pit.  Dr.  Brew  identified  the  sherds  found  in 
the  blowout  along  the  wagon  road  as  of  Pueblo 
III  age  (1100-1300  A.D.) 

At  F  (fig.  23),  just  below  the  edge  of  Antelope 
Mesa  is  a  Pueblo  II  pit  house  (Peabody  Museum 
Awatovi  Expedition  site  263)  sunk  into  a  sterile 
sand  (fig.  26).  Above  this  is  sand  containing 
charcoal.  In  two  places  both  deposits  of  sand  are 
exposed  in  active  blowouts.  The  lower  one  of 
these  blowouts  contains  many  building  stones 
from  some  ruin  built  at  a  higher  level,  which  has 
been  undermined  by  wind  action.  1  his  site  shows 
clearly  that  during  Pueblo  II  time  this  area  of 
dune  sand  was  stabilized  and  that  wind  action 
was  renewed  in  post-Pueblo  II  time. 

North  of  Awatovi  at  locality  C  (fig.  23)  sever¬ 
al  sites  of  Pueblo  II  and  III  age  occur  on  ancient 


cemented  dune  sand  in  an  area  of  active  trans¬ 
verse  dunes.  These  sites  are  now  being  destroyed 
by  the  intense  wind  action  of  this  large  and  active 
dune  area. 

All  these  sites  were  built  on  stabilized  dunes, 
although  at  the  present  time  some  of  them  are  in 
areas  of  active  dunes.  T  his  indicates  that  before 
Pueblo  III  time,  probably  in  the  first  millennium 
A.D.,  the  dunes  of  Antelope  Mesa  were  stabilized 
and  that  areas  of  active  dunes  were  then  non¬ 
existent  or  smaller  in  area  than  they  are  today. 
At  the  present  time  active  dune  areas  found  near 
the  cliff  edges  have  apparently  developed  or  been 


Fig.  26.  Cross  section  of  climbing  dunes  at  locality  F, 
fig.  23,  showing  two  periods  of  wind  action. 

enlarged  since  Pueblo  III  time.  Not  all  of  the  pres- 
•  ent  active  condition  of  these  dunes  can  be  ascribed 
to  farming  activity,  as  present  day  farms  and 
dwellings  arc  few.  It  is  probable  that  the  climate 
is  now  warmer  or  drier  than  in  the  first  millen¬ 
nium  A.D. 

CONCLUSIONS 

The  sand  dunes  of  the  western  Navaho  coun¬ 
try  furnish  a  reliable  means  of  measuring  some 
of  the  changes  in  climate  which  have  occurred  in 
the  last  few  thousand  years.  Changes  in  the 
violence  of  wind  action  must  be  the  result  of  a 
change  in  the  plant  cover  to  a  more  or  less  aggres¬ 
sive  plant  association.  1  his  change  in  plants  is 
presumably  the  result  of  a  change  in  climate. 

Preceding  Pueblo  and  Basketmaker  occupa¬ 
tion,  probably  between  5000  and  2000  B.C.,  it  is 
apparent  that  the  climate  was  much  drier  than  it  is 
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at  present.  The  valleys  and  mesas  of  the  Hopi 
country  were  covered  by  a  mantle  of  active  dunes 
and  the  region  must  have  supported  a  vegetation 
of  desert  shrub. 

During  the  first  millennium  A.D.  in  the  Jeddito 
Valley  region,  the  climate  was  apparently  moister 
or  cooler  than  it  is  today,  for  areas  which  now 
contain  active  dunes,  then  contained  stabilized 
dunes,  which  in  some  places  had  developed  a  hard 
crust  of  caliche. 


During  the  second  millennium  A.D.  wind  action 
was  renewed  along  the  cliff  edge  of  Antelope 
Mesa.  This  may  in  part  have  been  caused  by 
agricultural  activity,  but  at  the  present  time,  when 
farms  along  the  mesa  edge  are  few  in  number, 
wind  action  is  more  severe  than  it  was  during 
early  Pueblo  time,  and  the  change  in  climate 
which  has  presumably  caused  this  change  in  the 
severity  of  wind  action  has  surely  occurred 
during  or  since  Pueblo  III  time. 


Chapter  V 


EROSION  AND  SEDIMENTATION  IN  THE  JEDDITO  VALLEY  AND 
OTHER  VALLEYS  OF  THE  WESTERN  NAVAHO  COUNTRY 


THE  alluvium  of  many  valleys  of  the  western 
Navaho  country  can  be  divided  into  three 
formations,  the  Jeddito  formation,  deposited  be¬ 
fore  the  Puebloan  peoples  occupied  the  area, 
probably  before  4000  B.C.;  the  Tsegi  formation, 
deposited  in  part  before  the  Puebloans  arrived, 
and  partly  in  early  Pueblo  time,  between  3000 
B.C.  and  1200  A.D.;  and  the  Naha  formation, 
deposited  since  Pueblo  III  time,  or  since  1300 
A.D.1  Each  one  of  these  periods  of  deposition 
was  preceded  by  a  period  of  erosion  which  seems 
to  have  been  a  relatively  dry  period,  unfavorable 
to  settlement  by  agricultural  peoples.  The  periods 
of  alluviation  seem  to  have  been  moister  and  more 
favorable  to  agriculture.  In  other  words  the 
changes  in  stream  habit  which  caused  alternate 
dissection  and  alluviation  appear  to  have  had  a 
climatic  cause.  In  the  Jeddito  Valley  the  history 
of  these  changes  in  the  streams  can  be  deciphered 
with  sufficient  assurance  so  that  their  effect  on 
the  agricultural  economy  of  the  inhabitants  can 
be  evaluated. 


BACKGROUND  OF  THE  STUDY 

The  fundamental  argument  of  the  present  study 
is  that  small  changes  in  stream  gradients  have 
taken  place  in  Recent  geologic  time,  resulting  in 
alternate  sedimentation  and  erosion.  Each  period 
of  alluviation  is  represented  by  a  characteristic 
body  of  alluvium  which  may  now  be  recognized 
in  many  places  by  existing  terraces  or  by  char¬ 
acteristic  texture  or  content.  These  bodies  of 
alluvium  are  separated  from  each  other  by  un¬ 
conformities  which  when  traced  on  the  ground 
are  shown  to  be  gullies  like  the  present  arroyo 
system,  and  represent  ancient  arroyo  systems 


1  In  the  following  pages,  major  divisions  of  the  Pueblo 
chronology  are  frequently  referred  to.  As  used  here  they 
represent  the  following  time  intervals: 

Pueblo  V  1600-present  A.D. 


Pueblo  IV 
Pueblo  III 
Pueblo  II 
Pueblo  I 

Early  Pueblo  (includes  BM) 
Baskctmaker  (BM) 


1300-1600 
1100-1300 
900-1100 
700-  900 
1-1100  A.D. 
1-  700 


similar  to  the  modem  ones.  The  periods  of  ar¬ 
royo  cutting  correspond  to  periods  of  relative  dry¬ 
ness  when  the  vegetative  cover  was  compara¬ 
tively  thin. 

The  theory  of  climatic  terraces  is  not  a  new 
one.  One  of  the  first  American  geologists  to  ad¬ 
vance  the  hypothesis  was  Huntington2  who  ap¬ 
plied  it  to  the  complicated  post-glacial  terraces  of 
Turkestan.  Davis  in  the  same  report  expressed 
his  approval  of  the  hypothesis.3  Huntington  later 
elaborated  on  the  idea4  and  in  the  following  year 
Barrell5  re-analyzed  the  theory  of  climatic  terraces 
in  an  interpretation  of  the  origin  of  sedimentary 
strata  under  the  influence  of  several  types  of 
climate.  The  idea  of  using  archaeological  sites  as 
a  means  of  establishing  a  chronology  of  alternate 
cycles  of  deposition  and  erosion  was  apparently 
first  advanced  by  Huntington  in  1914,  although 
numerous  instances  of  the  finding  of  artifacts 
buried  in  alluvium  under  a  thick  cover,  had  al¬ 
ready  been  published.6  The  first  successful  at¬ 
tempt  to  subdivide  the  alluvium  of  a  southwestern 
valley  into  two  formations  and  to  date  these  sub¬ 
divisions  by  contained  potsherds  was  made  by 
Bryan  in  1924. 7 

The  finding  of  many  cites  of  the  Folsom  cul¬ 
ture,  and  other  primitive  stone  cultures,  in  various 
parts  of  the  Southwest  in  the  last  ten  years,  has 
given  great  impetus  to  the  study  of  climatic  ter¬ 
races.  At  the  present  time,  the  relation  of  a  site 
to  some  geologic  event  by  which  it  can  be  related 
to  the  world-wide  sequence  of  climatic  changes 
of  the  Pleistocene  and  post-Pleistoccne,  is  one  of 
the  best  means  of  correlation  of  one  culture  with 
another.  Correlation  with  the  stages  of  enclosed 
lakes  is  one  obvious  method.  The  correlation 
with  terraces  interpreted  as  climatic  is  the  basis  of 
many  recent  studies.8 

1  Huntington,  1905. 

*  Davis,  1905. 

4  Huntington,  1907. 

*  Barrell,  1908. 

*  See  especially  Mindclcff,  1896,  p.  240. 

7  Bryan,  1926. 

s  Leighton,  1936;  Bryan,  1939;  Albrittcn  and  Bryan, 
1939;  Bryan  and  Ray,  1940. 
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Such  studies,  like  the  present  study,  aim  pri¬ 
marily  to  fit  together  widespread  fragments  and 
pieces  of  evidence  for  a  chronology  of  climatic 
change  which  is  represented  by  alternate  deposi¬ 
tion  and  erosion  in  valleys.  The  results  of  these 
studies  have  aroused  extraordinary  interest  and 
discussion  because  of  their  bearing  on  the  so- 
called  “arroyo  problem”  of  the  Southwest.  Re¬ 
cently,  and  corresponding  in  time  to  the  introduc¬ 
tion  of  the  commercial  livestock  industry,  the 
gradients  of  many  streams  have  changed.  Where¬ 
as  formerly  many  Southwestern  streams  flowed 
at  grade  through  lush  meadows  and  broad  bottom 
lands,  they  have  recently  cut  downward  into  gul¬ 
lies.  Agricultural  and  grazing  lands  in  many  val¬ 
ley  bottoms  have  been  dissected  and  destroyed. 
This  recent  period  of  incision  of  minor  streams 
has  been  called  an  “epicycle  of  erosion”  by 
Gregory.9  Many  scientists  have  held  that  over- 
grazing  by  livestock,  and  the  making  of  wagon 
ruts,  etc.,  was  responsible  for  the  present  ero¬ 
sion.10  Others,  however,  notably  Gregory11  and 
Bryan12  have  held  that  climatic  change  may  be  an 
important  contributing  cause  for  the  epicycle. 
Like  overgrazing,  climatic  change  has  a  profound 
effect  on  the  vegetative  cover.  Bryan  believes 
that  overgrazing  alone  could  not  cause  a  change 
in  vegetation  adequate  to  bring  about  the  general 
formation  of  gullies  and  arroyos  unless  by  reason 
of  climatic  change  the  vegetative  cover  is  already 
in  an  unstable  condition  and  thus  is  susceptible  to 
overgrazing.  In  support  of  this  hypothesis  the 
ancient  epicycles  of  erosion  which  occurred  be¬ 
fore  the  introduction  of  domestic  animals  are 
cited  by  Bryan  as  cases  of  accelerated  erosion 
that  occurred  without  the  intervention  of  over- 
grazing. 

As  a  result  of  this  controversy  the  whole  theory 
of  climatic  terraces  as  applied  to  the  Southwest  is 
vigorously  opposed  by  those  who  favor  overgraz¬ 
ing  as  the  sole  cause  for  the  present  epicycle. 
Some  of  the  proponents  of  the  theory  of  over- 
grazing13  admit  that  some  streams  have  been  in¬ 
cised  at  times  in  the  past  before  the  present  epi¬ 
cycle  of  erosion,  but  maintain  that  widespread 
epicycles  had  not  occurred  before.  They  attribute 
the  proven  cases  of  ancient  epicycles  of  erosion  to 

9  Gregory,  1916. 

10  Rich,  1911  and  others. 

11  Gregory,  1916. 

12  Bryan,  1925. 

13  See  Bailey,  1935. 


local  causes,  and  not  to  changes  which  have  taken 
place  in  climate. 

In  the  Navaho  country  it  is  evident,  as  a  result 
of  the  present  study,  that  opportunities  to  discover 
ancient  epicycles  of  erosion  in  many  valleys  are 
rarely  encountered  without  considerable  search 
because  the  chance  of  their  preservation  is  small. 
However,  buried  channels  have  been  found  in 
enough  places  to  indicate  that  alternate  alluvia¬ 
tion  and  deposition  have  been  widespread.  Fossil 
and  physiographic  evidence  support  the  theory 
that  these  stages  are  contemporaneous  from  one 
valley  to  another,  and  evidence  of  ancient  climatic 
conditions  supports  the  theory  of  climatic  ter¬ 
races. 

JEDDITO  VALLEY 
General  Setting 

The  Jeddito  Wash  is  one  of  the  southwestward 
flowing  Tusayan  Washes  which  drains  Black 
Mesa.  It  begins  its  course  high  on  Black  Mesa, 
enters  a  deep,  alluvium-filled  valley  between  An¬ 
telope  Mesa  and  Roberts  Mesa  and  finally  flows 
out  onto  the  broad  desert  flats  to  the  southwest. 
The  portion  of  the  valley  studied  in  detail  is  in¬ 
cluded  in  fig.  29,  which  shows  the  principal 
Quaternary  deposits,  the  largest  ruins,  and  the 
location  of  special  sections  and  maps. 

Antelope  Mesa  and  Roberts  Mesa  are  under¬ 
lain  by  the  Mesaverde  sandstone,  which  being 
relatively  resistant  to  erosion  forms  cliffs  rising 
from  200  feet  to  400  feet  above  the  sloping  valley 
floor.  White  calcareous  sandstone  of  the  Pliocene 
Bidahochi  formation  forms  a  discontinuous  veneer 
over  the  Brownish-yellow  Mesaverde  sandstone 
on  Antelope  Mesa,  and  a  thicker  and  more  con¬ 
tinuous  cover  as  much  as  300  feet  thick  on  Rob¬ 
erts  Mesa.  The  valley  floor  and  sides  are  under¬ 
lain  by  the  soft  Mancos  shale,  which  in  turn  is 
underlain  by  the  relatively  resistant  Dakota  sand¬ 
stone  and  the  Morrison  formation.  The  two  last 
named  formations  crop  out  on  Little  Star  Moun¬ 
tain  and  in  the  southern  part  of  the  area  of  fig.  29, 
east  of  the  Winslow  Road.  The  base  of  the  Man- 
cos  shale  is  probably  encountered  by  the  Jeddito 
Wash  near  points  I  or  J. 

Except  for  the  slopes  near  the  cliffs  the  valley 
floor  is  composed  of  alluvium  which  has  a  con¬ 
siderable  thickness  near  the  center  of  the  valley 
and  thins  on  the  slopes  of  the  mesa.  This  alluvium 
is  probably  thin  under  the  upper  portions  of  the 
valley.  x\t  well  No.  230  the  alluvium  is  over  97 
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Fig.  27.  Index  map  of  the  western  Navaho  country  showing  location  of  stream  valleys  discussed 
in  Chapter  V.  Boxes  indicate  location  of  detailed  maps. 


feet  deep.  At  the  Naha  well  it  is  84  feet  deep. 
Higher  up  the  valley,  from  F  to  D,  the  arroyo  in 
many  places  cuts  into  the  Mancos  shale,  and  here 
the  alluvium  is  probably  less  than  50  feet  deep. 

Recent  Epicycle  of  Erosion 

Since  1880  many  of  the  alluvial  valleys  of  the 
southwest  have  been  trenched  and  dissected  by 
deep  arroyos.  The  Jeddito  like  many  others,  has 
suffered  during  this  period,  but  arroyo  cutting  did 
not  begin  there  until  after  1908,  and  probably  not 
until  1918.  The  condition  of  the  stream  bed  in 
1908  at  five  localities  is  known  from  the  surveys 
of  the  U.  S.  General  Land  Office  and  can  be  com¬ 
pared  to  the  measurements  of  the  writer,  made  in 
1937.  The  data  for  1908  are  taken  from  the  field 
notes  of  Sidney  E.  Blout,  Examiner  of  Surveys. 
Data  for  one  locality  are  taken  from  the  field 
notes  of  John  C.  Smith,  U.  S.  Deputy  Surveyor, 
who  made  the  crossing  in  1891. 


E.  boundary  T  27  N,  R  19  E.  (Gila — Salt  River  Merid¬ 
ian)  (Jeddito  Wash  south  of  Kawaika-a) 

1908 — Right  bank,  10  feet  high 
Left  bank,  1 5  feet  high 
Width,  750  feet. 

1937— Depth,  50  feet 

Width,  about  the  same  as  in  1908. 

S.  boundary  T  27  N,  R  19  E;  (South  of  Awatovi) 
1891— Width,  200  feet 

1908— Dry  sand  wash,  1,170  feet  wide;  mentions 
descent  to  wash 

1937 — Same  width  but  75  feet  deep 
E.  boundary  T  26  N,  R  18  E  (Near  section  N,  Little 
Star  Mt.) 

1908 — Depth,  30  feet 
Width,  530  feet 
1937— Depth,  80  feet 

Width,  about  same  as  in  1908 
S.  boundary  T  26  N,  R  18  E  (At  bridge  on  Winslow 
Road) 

1908 — Level  bottom  land,  no  wash 

1937 — W  ash  20  feet  deep  and  over  50  feet  wide 
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Thus  in  1908  the  stream  of  the  Jeddito  Valley 
was  a  shallow  arroyo  in  the  upper  part  of  the 
valley,  became  deeper  as  it  approached  Little  Star 
Mountain,  there  reaching  a  depth  of  30  feet.  It 
spread  out  onto  the  valley  floor  about  at  P,  fig.  29. 
At  present  the  stream  channel  is  about  30  feet 
deep  at  the  Holbrook  road;  at  well  No.  230  it  is 
almost  100  feet  deep,  and  at  Q,  at  the  bridge  on 
the  Winslow  Road  it  is  20  feet  deep,  the  old  area 
of  spreading  floods  having  been  dissected  during 
the  last  25  years.  The  present  arroyo  mouth  is 
about  15  miles  farther  down  stream.  Thus  the  re¬ 
sult  of  the  epicycle  of  erosion  has  been  to  increase 
the  depth  of  the  wash  all  along  its  course  and  to 
move  the  position  of  the  arroyo  mouth  far  down 
the  valley.  The  Jeddito  Wash  is  not  connected 
with  any  other  arroyo  system,  but  has  behaved 
in  response  to  conditions  within  its  own  water¬ 
shed  only. 

Late  Quaternary  Formations 

The  sequence  of  deposition  and  erosion  in  the 
Jeddito  Valley  is  best  shown  below  the  ruin  of 
Kawaika-a,  in  the  area  shown  on  the  map  of 
fig.  28.  The  formations,  terrace  levels,  and 
chronology  of  this  locality  can  be  identified 
throughout  the  valley. 

The  Quaternary  alluvium  is  divided  into  3 
recognizable  units,  the  oldest  of  which,  the 
Jeddito  formation,  can  in  most  places  be  recog¬ 
nized  by  its  russet  color,  and  concretionary  lay¬ 
ers  of  caliche.  The  other  two,  the  Tsegi  forma¬ 
tion  and  Naha  formation,  must  be  separated  from 
one  another  by  their  contained  artifacts  or  by 
topographic  position.  In  the  upper  part  of  the 
valley,  above  Jeddito  Trading  Post,  only  the 
Naha  and  Jeddito  formations  are  exposed,  the 
intermediate  Tsegi  formation  having  been  buried 
by  the  Naha  formation  or  washed  away.  Between 
the  trading  post  and  Little  Star  Mountain  all  three 
are  exposed  at  different  levels,  the  youngest  being 
at  the  lowest  level,  and  the  oldest  at  the  highest. 
At  the  Winslow  Road,  however,  the  intermediate 
Tsegi  formation  is  again  missing,  buried  or 
washed  away. 

The  three  formations  are  best  exposed  in  the 
central  portion  of  the  valley  in  the  stretch  between 
Jeddito  Trading  Post  and  Awatovi,  because  each 
one  lies  under  a  terrace  which  lies  at  an  elevation 
above  the  next  younger  one.  The  Naha  formation, 
the  youngest,  forms  a  narrow  terrace  rising  about 
30  to  50  feet  above  the  present  stream  grade  (see 
figs.  39  and  40).  The  Tsegi  formation  forms  a 


terrace  in  most  places  about  15  feet  above  this, 
which  is  very  broad  and  underlies  most  of  the 
flattish  valley  floor.  The  Jeddito  formation  under¬ 
lies  a  terrace  about  30  feet  higher  where  it  is  ex¬ 
posed  near  the  bottom  of  the  valley  but  is  pre¬ 
served  there,  only  in  a  few  places.  It  extends  high 
up  the  foot  slopes  of  the  valley. 

Jeddito  Formation.  The  Jeddito  formation  is 
composed  dominantly  of  russet-colored  sand,  de¬ 
rived  chiefly  from  the  tertiary  Bidahochi  forma¬ 
tion  and  the  cretaceous  Mesaverde  sandstone. 
Samples  of  this  sand  taken  near  Little  Star  Moun¬ 
tain  from  the  banks  of  the  Jeddito  Wash  show 
median  sizes  of  .18  and  .19  mm.,  a  very  fine 
sand.  A  sample  taken  near  Kokopnyama,  east  of 
Jeddito  Trading  Post,  has  a  median  of  .25  mm. 
and  is  less  well  sorted.  The  Jeddito  formation  was 
derived  primarily  by  erosion  of  deposits  on  the 
mesas,  sorted  and  transported  by  streams,  ephem¬ 
eral  or  perennial.  The  portion  in  the  lower  part  of 
the  valley  is  a  sandy,  flood  plain  deposit.  In  the 
upper  part  of  the  valley  it  is  probably  in  places  a 
channel  deposit,  and  in  places  a  flood  plain  de¬ 
posit.  It  was  thus  deposited  both  by  the  main 
wash  itself,  and  by  side  washes,  having  their 
source  at  the  mesa  walls. 

In  many  places  where  exposed  the  Jeddito 
formation  contains  abundant  layers  of  hard  caliche 
(calcium  carbonate).  At  M,  on  the  Jeddito  Wash 
the  formation  is  capped  by  2  feet  of  fairly  pure 
and  hard  limestone,  containing  fresh  water  shells, 
suggesting  the  presence  of  a  lake.  More  com¬ 
mon  are  thin  layers  of  sand,  cemented  by  calcium 
carbonate.  Below  Chakpahu  between  localities 
U  and  W  of  fig.  29  two  layers  of  green  clay  that 
suggest  a  swamp  or  lake  deposit  are  interbedded 
with  sand.  At  U,  a  deposit  of  fine  white  tuff, 
which  contains  fresh  water  shells  was  found  in 
the  following  section. 

Section  at  Locality  U 

Feet 

White  tuff  (fresh  water  shells)  1 

Greenish  clayey  sand  2 

Well  sorted,  buff  sand,  with  greenish- 

yellow  stain  in  thin  layers  6 

~9 

At  U,  and  W,  large  Proboscidian  bones  which 
are  apparently  those  of  elephants  were  found  in 
the  Jeddito  formation.  The  bones  near  U  were 
excavated  by  a  collector  employed  by  Dr.  Childs 
Frick  of  the  American  Museum  of  Natural  His¬ 
tory,  who  will  presumably  publish  a  descrip¬ 
tion  of  this  find.  At  W  in  addition  to  the  bones, 


Fig.  28.  Map  of  late  Quaternary  formations  in  the  Jeddito  \  alley  below  the  ruin  of  Kawaika-a.  Although  not  shown 
by  the  symbols,  the  Jeddito  formation  is  in  most  places  covered  by  dune  sand,  which  merges  with  the  climbing  Juiks 
and  the  dunes  of  the  mesa  top. 
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I  ig.  29.  Sketch  map  of  the  late  Quaternary  formations  in  the  Jeddito  Valley,  and  index  map  of  cross  section  and  dia¬ 
grams.  Minor  bodies  of  the  Tsegi  and  Naha  formations  adjacent  to  small  tributary  streams  are  not  shown. 


which  are  too  fragmentary  to  be  certainly  identi¬ 
fied,  fresh  water  shells  were  collected  by  the 
writer.  These  shells  were  identified  by  Dr.  W.  J. 
Clench  and  belong  to  the  genera  Succina,  Lymnaea , 
Pupilidae,  and  Gonyodiscus.  These  genera  are  all 
living  and  give  no  indication  of  antiquity  but  sug¬ 
gest  the  existence  of  a  fresh  water  pond  or  lake. 
As  yet  no  human  artifacts  have  been  found  in  the 
Jeddito  formation. 

The  general  appearance  and  contained  fossils  of 
the  Jeddito  formation  suggest  that  it  was  deposited 
under  a  more  humid  climate  than  prevails  today. 

Jeddito-Tsegi  Epicycle  of  Erosion.  The  un¬ 
conformity  between  the  Jeddito  formation  and  the 
Tsegi  formation  is  generally  well  exposed,  where 
it  is  encountered  by  the  arroyo  of  the  main  stream 
or  its  tributaries.  It  indicates  that  in  many  places 
in  the  valley  the  major  portion  of  the  Jeddito 
formation  was  swept  away  by  erosion. 

d  his  period  of  erosion  was  clearly  a  very  dry 
period.  It  corresponds  to  the  period  of  wide¬ 
spread  dune  activity  discussed  in  Chapter  IV. 
The  Jeddito  formation  is  in  most  places  covered 
by  ancient  dunes  whose  outlines  can  in  many 


places  still  be  seen  as  shown  in  fig.  23.  Further¬ 
more  climbing  dunes  rest  on  the  Jeddito  forma¬ 
tion  at  the  foot  of  Antelope  Mesa  and  extend  at 
intervals  all  the  way  to  the  mesa  top,  and  there 
merge  with  other  types  of  dunes.  These  dunes 
are  obviously  younger  than  the  Jeddito  formation 
and  must  be  older  than  the  Tsegi  and  Naha  forma¬ 
tions  for  few  dunes  are  found  on  these  two  later 
formations.  The  surface  of  the  Jeddito  formation 
is  of  looser,  more  well-sorted  sand  than  the  other 
two  and  supports  a  vegetation  characteristic  of 
dune  areas.  Such  plants  as  common  sage,  sand 
sage,  rabbit  brush,  drop  seed,  grama  grass,  yucca, 
etc.  are  dominant.  The  two  younger  formations 
are  in  most  places  covered  by  an  entirely  different 
vegetation  of  grama  grass,  salt  bush,  shad  scale, 
snakeweed,  and  rabbit  brush.14  This  vegetative 
difference  makes  the  Jeddito  formation  easily 
recognizable  in  most  places. 

14  The  vegetation  was  identified  during  two  trips  to  the 
valley,  one  below  Chakpahu,  and  the  other  to  the  Naha 
well,  in  company  with  Volney  H.  Jones,  ethnobotanist  of 
the  Awatovi  Expedition.  The  botanical  names  are  given 
in  the  appendix. 
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The  Jcddito-Tscgi  erosion  interval  was  thus 
clearly  a  relatively  dry  period.  The  extensive  ero¬ 
sion  of  the  Jeddito  formation  suggests  that  it  may 
have  occupied  a  long  period  of  time. 

Tsegi  Formation.  The  Tscgi  formation15  un¬ 
derlies  most  of  the  flattish  portion  of  the  valley 
floor,  as  shown  in  figs.  38  and  40.  It  is  easily  dis¬ 
tinguished  from  the  Jeddito  formation  by  its  color, 
which  is  gray  to  brown.  Clay  beds,  and  silt  beds 
are  common  but  in  general  it  contains  more  nu¬ 
merous  gravel  lenses,  as  though  in  part  deposited 
by  more  torrential  streams.  In  most  places  it  is  not 
cemented,  but  here  and  there,  especially  in  the 
center  of  the  valley,  hard,  sandy  clay  beds  are 
seen,  which  contain  calcium  carbonate  cement. 
A  mechanical  analysis  of  a  sample  from  the  lower 
portion  of  the  valley  shows  that  it  is  almost  identi¬ 
cal  in  grain  size  with  the  Jeddito  formation  of  the 
same  locality,  in  spite  of  the  color  difference. 

No  artifacts  have  been  found  in  the  Tsegi 
formation,  but  several  pieces  of  charcoal  were 
found  in  it  below  the  ruin  of  Kawaika-a,  in  the 
Kawaika-a  wash.  They  were  discovered  during 
a  visit  to  the  locality  with  Mr.  E.  B.  Saylcs  and 
Mr.  E.  T.  Hall,  Jr.  Mr.  Hall  later  attempted  to 
date  the  charcoal  by  a  study  of  the  annual  rings, 
usually  well-preserved  in  charcoal,  but  found  that 
they  were  so  decomposed  as  to  make  sure  identi¬ 
fication  impossible.  The  presence  of  these  pieces 
of  charcoal  probably  indicates  human  occupation 
of  the  region  during  deposition  of  the  Tsegi  for¬ 
mation.  Pueblo  II  and  III  sites  are  common  on 
top  of  the  formation  showing  completion  of  de¬ 
position  by  1100  A.D. 

The  Tsegi  formation  was  deposited  only  in  the 
upper  portion  of  the  valley.  It  extends  down  as  far 
as  Little  Star  Mountain,  but  below  that  point  it  is 
not  exposed,  and  presumably  was  never  deposited. 
In  the  stretch  of  the  valley  between  Jeddito  Trad¬ 
ing  Post  and  Awatovi,  the  Tsegi  formation  is 
quite  thick  and  rests  on  bed  rock  in  many  places. 
Below  the  end  of  Antelope  Mesa,  however,  it  be¬ 
comes  thin,  and  occurs  only  as  a  thin  sheet,  or 
floodplain  deposit  resting  on  top  of  the  Jeddito 
formation,  as  illustrated  by  a  sketch  of  the  arroyo 
bank  (fig.  32)  made  near  section  J.  Farther  down 
the  valley  it  is  missing  entirely,  or  is  found  in 
thin  patches. 

This  thinning  of  the  Tsegi  formation  means 
that  the  streams  of  Tsegi  time  must  have  de- 

16  The  type  locality  of  this  formation  is  in  Tsegi  Can¬ 
yon,  described  on  page  60,  and  the  basis  for  the  correla¬ 
tion  is  there  discussed. 


posited  all  of  their  load  before  reaching  the  lower 
part  of  the  valley,  just  as  the  Naha  and  Tallahogan 
Washes  do  today.  I  he  stream  of  T scgi  time  was 
prevented  from  flowing  past  Little  Star  Mountain 
because  the  severe  wind  action  of  post-Jeddito 
time  had  blocked  the  drainage  of  the  valley  w  ith 
sand  dunes. 

Farther  to  the  northeast  where  the  valley  is 
hemmed  in  by  precipitous  mesa  walls  wind  action 
had  been  less  severe,  and  a  well-integrated  drain¬ 
age  system  provided  a  large  supply  of  debris 
which  gradually  filled  in  the  valley  floor. 

Above  Aw'atovi  w'here  the  Tsegi  formation  is 
thick,  at  least  one  unconformity  can  be  seen  in 
the  w'alls  of  the  wash,  which  is  included  within 
the  Tsegi  formation.  That  is,  the  formation  has 
two  members.  An  example  of  this  unconformity, 
which  can  be  seen  at  several  places  is  shown  by 
the  sketch  in  fig.  33.  Such  an  exposure  suggests 
that  the  deposition  of  the  Tsegi  formation  was 
interrupted  by  a  period  of  erosion  which  washed 
away  portions  of  the  material  already  deposited. 
This  ancient  arroyo,  or  arroyo  system,  cannot  be 
traced  because  there  are  no  fossils  in  the  Tsegi 
formation  and  the  low'er  member  is  not  preserved 
as  a  terrace  but  is  buried  by  the  upper  and 
younger  member.  Nevertheless  there  must  have 
been  one  epicycle  of  erosion  or  period  of  dissec¬ 
tion  within  Tsegi  time. 

The  presence  of  this  unconformity  within  the 
Tsegi  formation  indicates  that  the  stream  gradi¬ 
ents  in  the  Jeddito  Valley  shifted  up  and  down 
during  Tsegi  time,  and  that  during  some  of  this 
period  the  main  stream  must  have  Howled  in  an 
arroyo  channel.  However,  neither  member  of  the 
Tsegi  formation  extends  far  down  the  Jeddito 
Valley.  Thus  throughout  Tsegi  time,  even  though 
a  deep  arroyo  occurred  below  Kawaika-a  in  the 
upper  valley,  it  must  have  ended,  and  allowed  the 
floods  to  spread  before  reaching  the  area  of  dunes 
at  Little  Star  Mountain. 

Tsegi-Naha  Epicycle  of  Erosion.  In  Pueblo 
III  or  early  Pueblo  IV  time,  a  period  of  erosion 
followed  deposition  of  the  highest  portion  of  the 
Tsegi  formation.  The  resulting  arroyos  were 
w'ide  and  deep,  with  sharp  banks,  as  can  be  seen 
in  the  sections  of  fig.  30.  In  many  places  the 
Tsegi  formation  was  completcdly  removed  dow  n 
to  bed  rock.  That  this  erosion  took  place  in  late 
Pueblo  III  time  or  later  is  shown  by  fig.  34.  A 
Pueblo  II-1II  site  w  as  found  on  the  edge  of  the 
Tsegi  terrace  above  a  tributary  of  the  main 
wash.  This  site  is  so  close  to  the  wash  that  it 


Fig.  30.  Cross  sections  of  the  Jeddito  Wash  at  localities  A  to  Q,  fig.  29. 
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could  not  have  been  built  after  the  wash  was  cut. 
Blocks  of  stone  are  slumped  down  the  terrace 
wall  as  though  much  of  the  site  had  already  been 
destroyed.  Since  the  building  of  the  site  an  arroyo 
was  cut,  and  later  partially  filled  by  the  Naha 
formation.  The  period  of  erosion  of  the  Tsegi 
formation  was  probably  short,  for  the  arroyos 
formed  by  it  are  deep  and  sharp  and  have  not  the 
width  derived  by  long  continued  erosion. 

During  the  Tsegi-Naha  interval  the  arroyo 
system  extended  itself  for  the  first  time  since 
Jeddito  time  past  Little  Star  Mountain,  for  the 
old  channel,  now  buried  by  the  Naha  formation 
can  be  traced  past  the  Winslow  Road,  as  shown 
in  sections  L  to  Q  (fig.  30). 

Naha  Formation.  Following  the  period  of 
erosion  in  post-Tsegi  time  the  arroyos  were 
partially  filled  by  a  channel  deposit  called  the 
Naha  formation.  It  can  be  traced  throughout  the 
area  of  the  valley  because  it  underlies  a  terrace 
below  the  levels  of  the  Tsegi  and  Jeddito  Ter¬ 
races,  which  not  only  exist  on  the  main  stream 
but  extend  up  many  of  the  tributaries.  The  forma¬ 
tion  is  composed  mostly  of  loose  sand  with  gravel 
lenses. 

Above  Jeddito  Trading  Post  the  Naha  forma¬ 
tion  is  widespread  and  covers  most  of  the  narrow 
valley  floor,  for  there,  nearly  the  entire  Tsegi 
formation  was  washed  out  of  the  valley  during 
the  Tsegi-Naha  interval.  Between  Jeddito  Trad¬ 
ing  Post  and  Little  Star  Mountain  it  was  deposited 
in  a  narrow  channel  or  arroyo.  Below  Little  Star 
Mountain  it  is  spread  over  a  wide  area,  and  is  in 
part  a  flood  plain  deposit. 

In  the  tributaries  below  the  large  ruins,  many 
pottery  fragments  are  found  in  the  Naha  forma¬ 
tion.  A  total  of  704  sherds  were  collected  which 
were  suitable  for  classification.  Dr.  J.  O.  Brewr, 
Director  of  the  Awatovi  Expedition,  identified 
628  as  of  Pueblo  IV  age,  and  76  as  of  Pueblo  III 
age.  The  formation  is  dated  by  the  youngest 
fossils  found  in  it,  and  therefore  must  be  of 
Pueblo  IV  age. 

At  C,  fig.  29,  a  fire  pit  was  found  at  the  top  of 
the  Naha  formation.  A  tree  ring  count  made  by 
Mr.  E.T.  Hall,  Jr.,  indicates  that  the  wood  burned 
in  the  fire  pit  was  cut  sometime  around  1700 
A.D.18  Thus  the  Naha  formation  was  deposited 
during  Pueblo  IV  time  and  perhaps  part  of  Pueblo 
V  time.  Before  1700  it  had  reached  its  highest 
level,  the  level  at  which  the  wash  flowed  in  1908, 
before  the  recent  epicycle  of  erosion. 

Like  the  Tsegi  formation,  the  Naha  formation 


contains  two  members,  which  are  evidence  of  an 
interruption  of  deposition  by  an  epicycle  of  ero¬ 
sion.  T  his  evidence  is  most  striking  in  a  tributary 
wash  below  the  ruin  of  Kokopnyama.  This  wash, 
though  not  at  present  connected  with  the  main 
Jeddito  Wash,  for  it  spreads  out  where  it  en¬ 
counters  the  Naha  terrace,  was  cut  through  to  the 
main  wash  during  the  Pueblo  1 1 1— IV  period  of 
erosion.  It  now  is  flanked  by  terraces  similar  to 
those  in  the  main  Jeddito  Wash.  Fig.  35  shows 
an  unconformity  which  appears  in  many  places 
in  the  exposures  of  the  Naha  formation.  This  sug¬ 
gests  that  the  (a)  member  of  the  Naha  formation 
was  deposited,  then  cut  by  an  arroyo,  and  the  (b) 
member  deposited,  all  between  Pueblo  III  time 
and  1700  A.D.  That  the  unconformity  actually 
exists  is  proved  by  the  assemblage  of  pottery 
fragments  found  in  the  two  members.  Member 
(a)  (the  oldest)  yielded  only  1  piece  of  Pueblo  III 
pottery  and  24  pieces  of  Pueblo  IV  pottery.  Mem¬ 
ber  (b)  (the  younger)  on  the  other  hand  yielded 
30  pieces  of  Pueblo  III  pottery  and  6  pieces  of 
Pueblo  IV  pottery.  In  other  words  the  younger 
of  the  fills  yields  the  highest  proportion  of  the 
older  pottery,  The  importance  of  this  apparent 
paradox  lies  in  the  fact  that  it  shows  that  the  two 
members  contain  different  fossils  and  therefore 
that  a  true  unconformity  between  them  exists. 
Both  members  must  be  dated  by  the  youngest 
potsherds  in  them,  so  they  are  both  Pueblo  IV  or 
later.  The  situation  may  be  explained  by  assuming 
that  during  the  deposition  of  the  (b)  member  a 
portion  of  a  Pueblo  III  ruin  was  being  actively 
eroded  by  the  wrash.  This,  of  course,  means  that 
time  must  have  elapsed  between  the  deposition  of 
the  two  members. 

A  similar  unconformity  is  observed  in  many 
places,  though  it  rarely  extends  from  the  top  to 
the  bottom  of  the  Naha  formation.  It  is  present  in 

18  The  samples  of  wood  and  charcoal  gave  the  dates  be¬ 
low.  These  dates  are  not  yet  to  be  considered  final,  but  are 
subject  to  revision.  They  arc  all  dates  of  the  outer  rings  of 
the  pieces  of  wood  examined.  In  every  case  some  of  the 
rings  arc  missing,  so  that  the  date  of  every  one  is  some¬ 
what  earlier  than  the  year  the  tree  was  cut. 


Specimen 

Last  Ring 

L-372-3 

1645 

L-372-4 

1626 

L-375-1 

1647 

L-375-3 

1640 

L- 3  75-5 

1696 

L-375-6 

1659 

L-376-1 

1651 

L-379-1 

1687 

L-379-2 

1673 
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the  Jeddito  Wash  in  a  few  places  but  is  more 
commonly  observed  in  the  tributaries.  Examples 
are  shown  in  figs.  3  3  and  36.  In  these  localities, 


Fig.  32.  Sketch  of  the  south  bank  of  the 
Jeddito  Wash  at  well  no.  230. 

however,  no  difference  in  the  pottery  assemblages 
was  observed. 

The  fire  pit  found  near  the  Holbrook  road  was 
in  the  younger  (b)  member  of  the  Naha  forma¬ 
tion.  The  entire  Naha  formation  must  have  been 
deposited  between  Pueblo  III  time  (1100-1300 
A.D.)  and  1700  A.D.  The  unconformity  indicates 
that  a  considerable  time  elapsed  during  its  dep¬ 


osition.  It  seems  reasonable  therefore  to  place 
the  pre-Naha  and  post-Tsegi  period  of  erosion 
within  100  years  of  1300  A.D. 

History  of  Deposition  and  Erosion 
in  the  Jeddito  Valley 
By  the  use  of  the  sections  of  the  Jeddito  Wash 
shown  in  fig.  30,  it  is  possible  to  learn  the  aspect 
of  the  valley  and  the  state  of  its  drainage  system 
over  a  long  period  of  time.  What  the  arroyos  were 
like  in  Jeddito  time  is  not  revealed.  The  climate 
must  have  been  moister,  and  there  were  shallow 
ponds  and  marshy  spots.  It  is  not  an  impossibility 
that  for  short  stretches  of  the  valley  there  may 
have  been  a  permanent  stream. 
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Fig.  33.  Sketch  of  the  south  bank  of  the  Jeddito  Wash, 
near  locality  f  (fig.  29).  Shows  two  members  of  the 
I  segi  formation,  and  two  members  of  the  Naha  forma¬ 
tion. 
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Fig.  34.  Cross  section  of  a  tributary  of  the  Jeddito 
Wash  at  locality  R  (fig.  29). 

Following  Jeddito  time,  the  climate  became 
dry,  and  an  epicycle  of  erosion  began.  The  stream 
gradient  was  lowered  and  much  of  the  Jeddito 
formation  was  swept  away.  This  erosion  was 
accompanied  by  dune  activity.  Great  dunes  grew 
across  the  valley  and  up  onto  the  mesas.  These 


Naha  1m. 
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Fig.  3S.  Cross  section  of  a  small  arroyo  below  the 
ruin  of  Kokopnyama,  showing  the  two  members  of  the 
Naha  formation. 

blocked  by  ancient  sand  dunes,  over  which  no 
surface  water  flows. 

By  the  end  of  I  segi  time  the  main  wash  had 
succeeded  in  depositing  alluvium  above  the  dune 
barrier  at  Little  Star  Mountain  so  that  when 
erosion  occurred  in  Pueblo  111  time  cutting  was 
not  confined  to  the  upper  Jeddito  Valley.  The 


Fig.  36.  Sketch  of  the  west  bank  of  the  Kawaika-a  Wash  at  locality  T,  fig.  29  and  A  B,  fig.  28.  1  he  arroyo 
here  bends  sharply,  and  exposes  a  transverse  cross  section  of  the  alluvial  fill. 


ancient  climbing  dunes  extend  up  the  south  wall 
of  Antelope  Mesa,  and  a  veneer  of  dune  sand 
covers  all  the  mesas  of  the  region.  During  this 
dry  period  the  drainage  of  the  Jeddito  Valley 
became  disrupted  in  the  lower  portion  by  being 
choked  with  wind-blown  sand. 

When  erosion  ceased  and  deposition  began 
again  in  Tscgi  time  the  runoff  of  the  valley  was 
carried  by  shallow  arroyos  which  deposited  their 
load  between  G  and  J  (fig.  29).  When  erosion 
occurred  sometime  during  the  Tsegi  period  it 
resulted  simply  in  deepening  the  washes  and 
moving  the  Jeddito  arroyo  mouth  downstream, 
but  never  beyond  Little  Star  Mountain.  During 
this  long  period,  the  Jeddito  wash  behaved  much 
like  the  small  wash  at  the  Naha  well.  1  he  region 
around  the  well  has  not  been  dissected  since 
Jeddito  time.  Deposition  by  this  small  wash  re¬ 
sults  simply  in  filling  in  the  rough  dune  topog¬ 
raphy  with  alluvium.  The  same  is  true  of  the 
Tallahogan  Wash.  It  ends  in  an  alluvial  flat 


Pueblo  111  erosion  was  thus  more  serious;  a  deep 
arroyo  was  cut  through  the  whole  length  of  the 
valley,  similar  to  the  arroyo  system  of  today. 
Many  of  the  tributaries  were  cut  headward  from 
the  main  wash. 

During  Pueblo  IV  time  erosion  was  followed 
by  deposition,  but  the  mouth  of  the  Jeddito  \\  ash 
never  succeeded  in  retreating  above  Little  Star 
Mountain.  It  remained  in  the  lower  valley  at  P, 
until  the  20th  century.  As  a  result,  the  old  Pueblo 
III  arroyo  system  was  never  filled  in  the  upper 
Jeddito  Valley,  i.e.  the  Jeddito  Wash  has  flowed  in 
an  arroyo  at  least  10  to  30  feet  deep  since  Pueblo 
III  rime.  The  present  Naha  terrace  records  the 
shallowest  condition  of  the  Jeddito  arroyo  in 
Pueblo  IV  or  V  time.  The  terrace  also  coincides 
with  the  condition  of  the  wash  in  1908  (see 
page  47).  After  1908,  and  before  1920,  erosion 
began  again,  and  the  present  system  of  deep 
arroyos  has  not  yet  reached  the  width  of  the 
arroyos  of  Pueblo  III  time.  Many  tributaries. 
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Fig.  37.  Gradients  of  the  main  stream  of  the  Jeddito  Valley,  and  of  the  terraces  along  the  wash,  showing 
the  position  of  the  stream  gradients  at  various  times  in  the  past. 


are  as  yet  unaffected  by  this  new  epicycle  of 
erosion. 

Changes  in  Stream  Gradient 

The  history  of  the  Jeddito  Valley  is  epitomized 
by  the  gradients  of  the  stream  at  different  times 
in  the  past,  as  shown  in  fig.  37.  The  gradient  of 
the  present  stream  is  shown  by  a  solid  black  line. 
The  stream  now  flows  on  bed  rock  in  many 
places,  and  thus  the  present  gradient  is  probably 
as  low  (or,  expressed  differently,  is  as  steep)  as 
the  gradient  ever  has  been.  At  the  end  of  deposi¬ 
tion  of  the  Jeddito  formation  the  gradient  cor¬ 
responded  to  the  Jeddito  terrace  and  is  repre¬ 
sented  in  fig.  37  by  the  highest  line.  During  the 
Jeddito-Tsegi  interval  the  gradient  was  lowered 
again  to  one  like  the  present.  At  the  end  of  Tsegi 
time  the  gradient  was  a  little  lower  than  in 
Jeddito  time,  as  far  down  the  valley  as  well  No. 
230,  but  near  this  place  the  gradient  crosses  that 
of  Jeddito  time.  This  was  the  arroyo  mouth  at 
the  end  of  Tsegi  time  (about  1200  A.D.) 

In  the  Tsegi-Naha  interval  the  stream  was 
again  incised  to  a  grade  like  that  of  the  present. 
From  before  1700  to  1908,  the  stream  had  a  higher 
grade  and  flowed  at  a  level  somewhat  below  the 
high  level  of  the  end  of  Tsegi  time,  along  the  top 
of  the  Naha  terrace.  Below  Little  Star  Mountain, 
however,  this  line  crosses  the  stream  grades  of 
Jeddito  and  Tsegi  time.  This  represents  the 
arroyo  mouth  of  the  stream  from  1700  to  1908. 


After  1908,  erosion  again  occurred  and  the  stream 
was  lowered  to  its  present  grade. 

Thus  the  history  of  the  Jeddito  Valley  was  one 
of  constant  shift  of  stream  grade.  During  periods 
of  erosion  the  grade  was  steepened,  and  during 
periods  of  deposition,  raised  or  flattened. 

The  places  where  the  gradient  of  a  younger 
stream  crosses  that  of  an  older  stream  are  the 
positions  of  ancient  arroyo  mouths  where  the 
confined  flood  waters  apread  out  over  the  valley 
flats.  As  shown  in  Chapter  III  these  positions  are 
favorable  for  flood-water  farming  and  must  have 
been  the  loci  of  considerable  agricultural  activity 
during  the  time  the  valley  was  inhabited.  This 
problem  is  further  discussed  in  Chapter  VI. 

Summary 

The  history  of  deposition  and  erosion  in  the 
Jeddito  Valley  may  be  summarized  as  follows: 

Deposition  of  Jeddito  formation 
Climate  wetter  than  today 
Elephants  present 

Erosion  of  Jeddito  formation 

Climate  much  drier  than  present  as  shown  by  dune 
systems 

Deposition  of  Tsegi  formation 

Climate  may  have  been  wetter  than  today  but  fluctu¬ 
ating 

Arroyo  mouth  in  central  portion  of  valley  below  ruin 
of  Awatovi 

Presence  of  charcoal,  probably  indicating  human  oc¬ 
cupation 
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Basketmaker  and  Pueblo  people  present  during  later 
stages 

Deposition  interrupted  by  at  least  one  epicycle  of  ero¬ 
sion 

Erosion  of  Tsegi  formation 

Occurred  after  early  Pueblo  III  time  (1200  A.D.) 
and  before  late  Pueblo  IV  time  (1500  A.D.)  prob¬ 
ably  around  1300  A.D. 

Jeddito  Wash  deeply  incised  to  point  below  Little 
Star  Mountain;  Arroyo  mouth  probably  near 
present  one. 

Deposition  of  Naha  formation 

Climate  very  little  different  from  present — perhaps 
more  favorable. 

Arroyo  mouth  located  just  below  Little  Star  Moun¬ 
tain 

Occurred  during  Pueblo  IV  time  and  finished  before 
1700. 

Interrupted  by  at  least  one  epicycle  of  erosion. 

Erosion  of  Naha  formation 

In  early  20th  century  after  a  long  period  of  stability 
present  epicycle  begins. 

Arroyo  mouth  many  miles  below  Little  Star  Moun¬ 
tain 

ORAIBI  VALLEY 

The  Oraibi  Valley  is  one  of  the  largest  valleys 
of  the  area  of  the  Tusayan  Washes.  Like  the 
Jeddito  Valley  it  drains  Black  Mesa  and  extends 
out  onto  the  plateau  flats  to  the  south.  Unlike  the 
Jeddito  Valley  it  is  dissected  by  an  arroyo  system 
which  extends  all  the  way  to  the  Little  Colorado 
River. 

The  Oraibi  Wash  at  the  village  of  Oraibi  is 
one  of  the  largest  of  the  whole  Navaho  country. 
It  is  cut  to  a  depth  of  80  feet  almost  to  bed  rock. 
According  to  Lorenzo  Hubbel,  Jr.,  trader  at 
Oraibi,  in  1902  the  wash  was  about  10  feet  deep 
and  20  to  30  feet  wide.  In  1893  the  Indians  were 
diverting  water  from  the  wash  for  flood-water 
farming. 

At  E,  fig.  38  is  what  appears  to  be  an  old  stream 
channel  with  levees  several  feet  high.  The  writer 
talked  to  a  Hopi  (Don  Telayesva)  who  was  herd¬ 
ing  sheep  near  this  locality.  He  said  that  when 
he  was  a  little  boy  (probably  before  1900)  there 
was  no  arroyo  at  E,  but  the  Oraibi  Wash  flowed 
out  onto  the  flats  in  this  vicinity,  to  the  east  of 
the  present  wash.  Here  at  a  grove  of  cottonwood 
trees  the  shallow  channel  was  dammed  for  diver¬ 
sion  purposes  by  the  Hopis.  Floods  occasionally 
washed  out  the  dam.  He  went  away  to  school  and 
when  he  returned  the  urash  had  cut  down  very 
deeply.  Cutting  began  below  Burro  Springs,  and 
worked  headward. 


Although  the  main  stream  has  cut  a  great 
arroyo,  very  few  of  the  tributary  valleys  have 
been  incised.  Consequently  the  Oraibi  Valley  is 
now  better  suited  for  flood-water  farming  than 
the  Jeddito  Valley.  Nearly  all  the  tributaries  can 
supply  akchin  fields  with  water.  The  reason  for 
this  difference  is  simply  that  ever  since  about 
1700  the  Jeddito  Wash  has  flowed  in  a  channel 
from  10  to  30  feet  deep  (the  top  of  the  Naha 
terrace),  so  that  when  the  recent  cutting  began, 
it  followed  the  course  of  an  already  well-marked 
inner  valley.  The  tributaries  were  graded  to  this 
valley  and  many  of  them  were  rapidly  incised 
by  headward  cutting  from  the  main  arroyo  or 
channel.  In  the  Oraibi  Valley,  however,  before 
1900  the  main  stream  in  the  vicinity  of  Oraibi 
was  flowing  on  the  valley  bottom  in  a  very 
shallow  channel  which  constantly  changed  its 
position.  Most  of  the  tributaries  did  not  discharge 
directly  into  this  channel.  Consequently  when 
headward  cutting  occurred  the  tributaries  were 
blocked  oft  by  distance  or  by  dunes  and  did  not 
immediately  cut  down 

There  are  no  terraces  in  the  Oraibi  Valley  like 
the  ones  in  the  Jeddito  Valley.  There  is  no  way 
of  separating  one  formation  from  another  except 
by  fossil  evidence,  which  is  almost  lacking.  A  few 
sherds  were  found  at  the  localities  shown  in  fig. 
38,  in  the  walls  of  the  tributary  wrashes.  These 
show  simply  that  deposition  was  going  in  Pueblo 
IV  time  or  later. 

Buried  channels  are  found  in  several  places. 
South  of  the  town  of  Oraibi  at  the  southern 
sherd  locality,  an  unconformity  was  found,  with 
several  Pueblo  IV  sherds  in  the  formation  above 
the  unconformity.  The  material  in  the  upper 
formation  is  considerably  more  sandy  than  the 
material  in  the  lower  formation.  At  F,  fig.  38,  a 
buried  channel  was  found,  about  400  feet  wide 
and  60  feet  deep,  10  feet  less  than  the  present 
wash.  At  a  point  8.9  miles  above  the  town  of 
Oraibi,  a  buried  channel  40  feet  deep  was  found. 
The  present  wash  at  that  point  is  80  feet  deep. 

These  occurrences  show  that  there  has  been 
alternate  deposition  and  erosion  during  the  filling 
of  the  valley.  There  is  no  assurance  that  any  of 
the  buried  channels  correspond  to  any  of  the 
formations  of  the  Jeddito  Valley,  but  it  is  certain 
that  some  of  the  valley  fill  is  of  the  same  age  as 
the  Naha  formation  and  is  correlative  with  it. 
Some  of  the  fill  must  be  correlative  with  the 
Tsegi  formation.  The  two  formations  cannot, 
however,  be  divided  in  the  Oraibi  Valley.  There 
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erosion  has  incised  the  Polacca  Wash  by  head- 
ward  cutting,  and  has  not  affected  the  tributary 


is  no  terrace  between  them,  and  there  are  few 
potsherds  for  correlation. 

1  he  Jeddito  formation  is  not  encountered  in  the 
walls  of  the  Oraibi  Wash  for  many  miles  above 
and  below  Oraibi.  Presumably  it  was  washed 
away  before  deposition  of  the  younger  alluvium. 
At  section  C-D,  however  (see  fig.  38  and  39),  a 
cemented  russet-colored  sand  crops  out  on  the 
west  wall  of  the  wash,  overlying  the  Mancos  shale 
and  underlying  the  ordinary  gray-brown  alluvium. 
A  short  distance  to  the  southwest  of  this  out¬ 
crop,  ancient  longitudinal  dunes  (now  fixed)  oc¬ 
cur  on  the  alluvial  cover.  Thus  at  the  only  place 
where  the  modem  channel  is  cut,  near  an  area  of 
ancient  fixed  dunes,  a  russet  colored,  cemented 
sand  is  uncovered.  Apparently  the  russet  sand 
underlies  ancient  fixed  dunes  which  are  longi¬ 
tudinal  in  plan.  'I  his  characteristic,  and  its  litho¬ 
logic  similarity  indicate  that  it  is  correlative  with 
the  Jeddito  formation. 

Farther  upstream  the  Jeddito  formation  is  not 
exposed,  but  climbing  dunes  rest  against  the  mesa 
walls  and  overlie  an  unidentified  alluvium.  These 
dunes  are  similar  to  those  of  the  Tsegi-Jeddito 
interval,  and  it  is  possible  that  they  are  underlain 
by  the  Jeddito  formation.  The  hypothetical  sec¬ 
tion  A-B  fig.  40  is  drawn  to  express  the  fore¬ 
going  interpretation  of  the  scanty  evidence.  The 
history  of  the  Oraibi  Valley  is  less  clear  than 
that  of  the  Jeddito  Valley,  but  is  apparently 
similar  to  it. 

POLACCA  VALLEY 

The  main  stream  of  the  Polacca  Valley  is  one 
of  the  large  Tusayan  Washes.  It  rises  on  Black 
Mesa,  and  is  a  major  tributary  of  the  Oraibi 
Wash.  In  the  Hopi  Country,  the  Polacca  Valley 
and  its  tributary  valley,  the  Wepo  contain  numer¬ 
ous  flood-water  fields  which  furnish  the  main  food 
supply  of  the  inhabitants  of  the  villages  of  First 
and  Second  Mesa. 

As  in  the  Oraibi  Valley  the  recent  epicycle  of 


arroyos.  1  hus  the  Polacca  Valley  is  better  suited 
for  flood-water  farming  than  the  Jeddito  Valley 
for  less  of  its  watershed  is  dissected. 

The  recent  epicycle  apparently  began  around 
the  )  ear  1910.  General  II.  I* .  Robinson,17  formerly 


Eig.  39.  Cross  section  of  Oraibi  Wash,  at  C-D,  fig.  38. 


District  Engineer  of  the  Indian  Irrigation  Service, 
states  that  on  his  trips  to  Oraibi  in  1908  and  1909 
he  found  that  he  could  cross  the  Polacca  Wash  in 
a  wagon  at  any  point  and  that  in  many  places  it 
was  merely  a  grassy  flat.  In  1910  or  1912  he 
made  a  trip  to  Oraibi  and  found  the  stream  of  the 
Polacca  entrenched  in  an  arroyo  in  which  his  car 
stalled  because  the  arroyo  was  so  narrow  that  he 
could  not  back  out.  At  the  same  crossing  the 
channel  is  now  about  350  feet  wide  and  30  feet 
deep. 

The  alluvial  fill  of  the  Polacca  Valley  is  like 
that  of  the  Oraibi  Valley  in  that  no  terraces  arc 
preserved  except  possibly  one  near  the  valley 
walls  underlain  by  the  Jeddito  formation.  The 
writer  has  seen  one  buried  channel  in  the  younger 
more  clayey  fill,  about  5  miles  below  the  town 
of  Polacca  and  2  miles  above  the  junction  of  the 
Polacca  and  Wepo  Washes.  Mr.  Earl  Dosch, 
U.  S.  Soil  Conservation  Service  Geologist,  in¬ 
formed  the  writer  that  buried  channels  are  ob¬ 
served  in  the  Polacca  W  ash  in  many  places  but 
are  not  as  deep  as  the  present  arroyo. 

Far  upstream  from  Polacca,  beneath  Balakai 
Mesa,  and  near  Bighams  Lake,  an  ancient  russet- 

17  Personal  statement  to  Professor  Kirk  Bryan  in  1927 
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Fig.  40.  Hypothetical  cross  section  A-B,  of  Oraibi  Valley  near  the  town  of  Oraibi  (fig.  38). 
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Fig.  41.  Hypothetical  cross  section  of  the  Moenkopi 
Wash  at  the  Tuba  City-Cameron  Road.  The  scale  is  only 
approximate. 

colored  sandy  fill  resembling  the  Jeddito  forma¬ 
tion  rests  against  the  valley  wall.  It  is  exposed  in 
a  terrace  dissected  by  modern  arroyos,  and  is 
clearly  older  than  a  clayey  fill  which  forms  a 
lower  terrace  above  the  present  stream  grade. 

Without  terraces  and  fossils  it  is  impossible  to 
correlate  one  fill  with  another,  but  it  is  possible 
that  the  Polacca  Valley  had  a  history  similar  to 
that  of  the  Oraibi  and  jeddito  Valleys. 

D1NNEB1TO  VALLEY 
The  main  stream  of  the  Dinnebito  Valley  in 
the  vicinity  of  Hotevilla  is  incised  in  an  arroyo  40 
feet  deep.  Evidence  of  successive  cutting  and 
filling  was  observed  at  two  places  near  the  Oraibi- 
Moenkopi  road.  No  sherds  were  found  in  the 
walls  of  the  arroyo,  and  there  are  no  well-defined 
terraces  in  the  valley. 

MOENKOPI  CANYON 
The  Moenkopi  Wash  is  the  westernmost  of 
the  streams  draining  Black  Mesa.  It  rises  on  Black 
Mesa,  and  on  reaching  the  plateau  to  the  west 
flows  through  a  deep  canyon,  which,  though  be¬ 
coming  shallower,  extends  as  far  as  the  western 
escarpment  of  the  Moenkopi  Plateau.  A  few 
miles  above  the  point  where  the  canyon  ends  lies 
the  Hopi  village  of  Moenkopi,  built  on  the  pla¬ 
teau  surface  overlooking  the  flat-floored  Moen¬ 
kopi  Canyon.  The  canyon  floor  is  covered  by  a 
thin  deposit  of  alluvium  and  as  the  Moenkopi 
Wash  is  at  this  point  a  perennial  stream,  the 
canyon  floor  is  covered  with  fields,  and  a  network 
of  irrigation  ditches. 

The  arroyo  in  which  the  stream  flows  is  wide 
and  shallow.  Near  the  village  of  Moenkopi  several 
buried  channels  were  observed,  which  cannot  be 
correlated  because  of  the  lack  of  either  terraces 
or  fossils.  Near  the  mouth  of  the  Canyon  at  the 
Tuba  City-Cameron  road,  two  distinct  fills,  one 
gray  and  the  other  red,  were  found  as  illustrated  in 
fig. 41  .Theseareevidenceof  past  changes  in  stream 
gradient,  and  alternate  deposition  and  erosion. 


TSEGI  CANYON 
General  Setting 

The  Tsegi  Canyon  is  a  deep,  narrow  canyon 
rivalling  de  Chelly  in  beauty  and  grandeur.  It  is 
cut  into  the  massive  reddish  sandstones  of  the 
Glen  Canyon  group.  The  Canyon  begins  on 
Skeleton  Mesa  and  extends  southeastward  toward 
Black  Mesa  ending  at  Marsh  Pass,  where  its  main 
stream,  called  Laguna  Creek,  continues  to  the 
northeast  around  Black  Mesa  and  into  the  broad 
depression  south  of  Comb  Ridge. 

The  lower  part  of  Tsegi  Canyon  between  the 
ruin  of  Betatakin  and  Marsh  Pass  (see  fig.  42)  is 
about  1,000  feet  deep.  It  is  floored  by  alluvium 
about  75  feet  thick  now  dissected  to  bed  rock  by 
a  well  integrated  system  of  arroyos.  The  main 
arroyo  contains  a  perennial  stream.  Here  as  in 
the  Jeddito  Valley  there  is  a  well-marked  terrace 
close  to  the  modern  wash.  This  terrace,  which 
indicates  at  least  two  episodes  of  alluviation,  to¬ 
gether  with  abundant  archaeological  remains  give 
hope  of  dating  the  fills. 

The  recent  epicycle  of  erosion  began  earlier  in 
the  Tsegi  Canyon  than  in  the  Tusayan  Washes. 
Gregory  describes  its  beginning  thus:18 

In  Laguna  Canyon,  the  lakes  shown  on  the  Marsh  Pass 
topographic  map,  published  in  1882,  are  drained  and  their 
floors  are  deeply  trenched.  According  to  Navajo  legend 
the  region  was  bewitched  in  1884;  the  farm  lands  were 
cut  out  and  the  lakes  vanished. 

Late  Quaternary  Formations 

At  least  two  Quaternary  formations  are  ex¬ 
posed  in  the  lower  portion  of  Tsegi  Canyon.  They 
are  separated  from  each  other  by  an  unconformity 
exposed  in  many  places.  The  oldest  one  makes  up 
most  of  the  alluvial  fill  and  underlies  most  of  the 
canyon  floor.  It  is  here  named  the  Tsegi  forma¬ 
tion.  The  younger  one,  probably  correlative  with 
the  Naha  formation  forms  a  terrace  about  40  to 
60  feet  above  the  stream  grade,  and  10  to  15  feet 
below  the  Tsegi  terrace.  The  Jeddito  formation 
was  not  identified  by  the  writer  with  certainty, 
but  it  may  exist  in  the  canyon. 

Jeddito  Formation.  A  yellow,  gravelly,  water- 
laid  fill  was  found  beneath  the  red  Tsegi  forma¬ 
tion  near  locality  B,  fig.  42,  on  the  southwest  side 
of  the  Tsegi  Canyon,  in  a  tributary  arroyo.  It  is 
possible  that  this  represents  an  older  formation 
which  may  be  correlative  with  the  Jeddito  forma¬ 
tion.  On  the  other  hand  it  lies  near,  and  down- 

18  Gregory,  1917,  p.  130. 
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Fig.  42.  Map  of  the  lower  portion  of  the  Tsegi  Canyon,  drawn  from  a  U.  S.  Soil 
Conservation  Service  photo-engraving  of  airplane  mosaics. 


stream  from  an  ancient  falling  dune  whose  sand 
is  yellow  in  color,  and  may  have  been  derived  by 
erosion  of  this  dune,  before  the  deposition  of  the 
Tsegi  formation.  Elsewhere  there  is  no  evidence 
of  the  Jeddito  formation,  but  presumably  it  was 
deposited  and  washed  away. 

Jeddito-Tsegi  Interval.  In  as  much  as  there  is 
little  if  any  evidence  of  the  Jeddito  formation  in 
the  Tsegi  Canyon,  there  is  no  buried  channel 
which  corresponds  to  the  Jeddito-Tsegi  epicycle 
of  erosion.  However,  the  abundant  falling  dunes 
which  extend  down  the  canyon  walls  furnish 
spectacular  proof  that  a  very  dry  period  occurred 
before  the  deposition  of  the  Tsegi  formation. 

At  several  places  in  the  deep  canyon  great 
falling  dunes,  now  mostly  covered  with  vegeta¬ 
tion,  extend  from  the  top  of  Skeleton  Mesa  down 
to  the  canyon  floor.  These  dunes  clearly  are 
derived  from  the  mesa  top,  for  they  occur  only  on 
the  leeward  mesa  side,  on  the  southwest  canyon 
wall.  They  are  ancient  for  the  mesa  top  is  now 
covered  only  by  a  thin  veneer  of  dune  sand  in  the 
form  of  scattered  longitudinal  dunes,  which  are 
fixed  by  pinon,  juniper,  and  Douglas  fir.  In  many 


places  portions  of  the  falling  dunes  are  completely 
eroded  and  only  their  bases  are  preserved. 

Where  arroyos  have  dissected  the  base  of  the 
dunes,  it  is  obvious  that  they  extend  to  the  bed 
rock  floor  of  the  canyon,  and  that  both  the  Tsegi 


Fig.  43.  Sketch  of  an  exposure  of  a  remnant  of  a  falling 
dune  at  locality  A,  fig.  42.  (For  a  photograph  of  this  ex¬ 
posure,  see  pi.  XII  b.) 

and  Naha  formations  overlap  on  the  dune  sand, 
and  are  therefore  younger  than  the  dunes.  ITcse 
exposures  are  very  striking,  for  the  falling  dunes, 
transported  by  the  wind,  contain  no  fine  red 
material  and  are  yellow  in  color  whereas  the 
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alluvium  is  bright  red  in  color.  This  alluvium  is 
derived  by  the  erosion  of  the  red  rocks  which 
form  the  canyon  walls.  When  these  rocks  were 
eroded  by  water,  their  red  stain  was  carried 
downstream  as  clay  and  was  deposited  along  with 


Fig.  44.  Cross  section  of  the  main  arroyo  of  the 
Tsegi  Canyon  at  locality  C,  fig.  42. 

the  sand  and  gravel,  giving  the  whole  body  of  the 
alluvium  a  bright  red  color.  In  the  case  of  deposi¬ 
tion  of  the  falling  dunes,  however,  which  may 
have  been  derived  from  the  same  rock  forma¬ 
tions  on  the  other  side  of  and  on  top  of  Skeleton 
Mesa,  the  red  stain  was  blown  afar  as  dust,  and 
the  coarser  grains  were  deposited  as  pure  yellow 
sand. 

The  unconformity  between  the  dune  sand  and 
the  alluvium  is  well  exposed  in  a  tributary  canyon 
below  the  ruin  of  Betatakin  at  A,  fig.  42  and  is 
illustrated  in  fig.  43,  and  pi.  Xllb.  The  section 
shown  in  fig.  44,  lies  in  the  main  canyon,  one 
mile  above  Marsh  Pass,  at  point  C,  fig.  42. 

Thus  a  period  of  severe  wind  action  in  which 
longitudinal  dunes  once  formed  on  a  mesa  which 
now  has  a  relatively  dense  woodland  cover  of 
piiion  and  juniper,  preceded  the  deposition  of  the 
earliest  exposed  red  fill.  This  dry  period  is  cor¬ 
relative  with  the  first  period  of  erosion  and  severe 
wind  action  in  the  Jeddito  Valley. 

Tsegi  Formation.  Most  of  the  Canyon  floor 
is  underlain  by  a  fill  composed  of  uncemented 
sand,  gravel,  clay  and  silt,  red  in  color.  It  con¬ 
tains,  here  and  there,  lenses  of  black,  peaty 
material,  the  remains  of  ancient  swamp  deposits. 
This  fill  is  here  named  the  Tsegi  formation.  It 
was  deposited  prior  to  1100  A.D.  for  numerous 
sites  of  Pueblo  II  and  III  age  are  found  on  top  of 
it. 

The  intermediate  fill  of  the  Jeddito  Valley  is 
correlative  with  the  Tsegi  formation.  Both  were 
deposited  after  a  period  of  erosion  and  extremely 
severe  wind  action  in  which  longitudinal  dunes 
formed  on  mesas  now  covered  with  juniper  and 
pinon.  Both  are  older  than  Pueblo  II  and  III  ruins. 


Tsegi-Naha  Epicycle  of  Erosion.  Following 
deposition  of  the  Tsegi  formation,  erosion  began, 
and  Laguna  Creek,  the  main  stream  of  the  Canyon 
became  incised  in  an  arroyo  which  was  in  some 
places  over  75  feet  deep.  This  epicycle  of  erosion 
was  equally  severe  or  more  severe  than  the  one 
which  has  occurred  since  1880. 

It  is  clear  that  this  ancient  epicycle  of  erosion 
occurred  after  Pueblo  III  time  (1 100-1 300  A.D.) . 
Two  sites,  one  of  Pueblo  II  age  and  one  of  Pueblo 
III  age,  were  found  on  top  of  the  Tsegi  formation 
very  near  the  main  stream  of  the  Tsegi  Canyon. 
Portions  of  these  sites  were  actually  eroded  by 
the  ancient  arroyos  of  post-Tsegi  time,  and  blocks 
of  building  stone  and  pottery  fragments  which  had 
fallen  down  these  arroyo  banks  were  later  buried 
by  the  Naha  formation.  A  section  at  the  Pueblo 

II  site  is  shown  in  fig.  45.  It  is  clear  that  after  this 
site  was  built  erosion  occurred,  an  arroyo  formed 
and  part  of  the  site  slumped  down  the  arroyo 
bank.  Portions  of  the  debris,  pottery,  and  build¬ 
ing  stone  were  subsequently  buried  by  the  period 
of  alluviation  which  followed,  and  are  now  visible 
at  the  unconformity  which  separates  the  two  fills. 

Naha  Formation.  The  arroyo  cut  after  Pueblo 

III  time  was  subsequently  filled  by  a  formation 
resembling  almost  exactly  the  Tsegi  formation. 
This  youngest  formation  also  contains  peat  or 
swamp  deposits  in  a  few  places.  It  underlies  a 
terrace  10  to  15  feet  below  the  level  of  the  Tsegi 
formation. 

Its  age  is  clearly  later  than  Pueblo  III.  Accord¬ 
ing  to  Dr.  George  W.  Brainerd  of  the  Rain¬ 
bow  Bridge-Monument  Valley  Expedition  no 


Fig.  45.  Cross  section  of  the  main  arroyo  of  the 
Tsegi  Canyon  at  locality  B,  fig.  42. 

archaeological  sites  are  found  on  this  low  terrace. 
It  contains  many  potsherds,  however,  of  Pueblo 
III  age  or  older.  The  erosion  of  the  Pueblo  III 
site  by  the  arroyo  which  preceded  the  deposition 
of  this  fill,  indicates  that  it  is  post  Pueblo  III. 
There  are  no  sites  of  Pueblo  IV  age  in  the  Tsegi 
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canyon  and  thus  no  potsherds  later  than  Pueblo 
III  to  be  deposited  by  the  streams.  If  there  were, 
presumably  the  youngest  fill  would  contain  them 
in  addition  to  the  earlier  sherds. 

Thus  on  the  basis  of  both  geological  and 
archaeological  evidence  it  has  been  possible  to 
establish  the  fact  that  this  formation  was  de¬ 
posited  after  1100  to  1300  A.D.  and  before  1880 
A.D.  and  is  correlative  with  the  Naha  formation. 

Summary 

The  Tsegi  Canyon  has  a  history  of  deposition 
and  erosion  similar  to  the  Jeddito  Valley,  except 
that  the  Jeddito  formation  has  as  yet  not  been 
recognized  in  the  canyon.  A  somewhat  idealized 
section  of  the  canyon  at  Cobra  Head,  typical  of 
the  entire  lower  Tsegi  Canyon  is  shown  in  fig. 
46.  It  furnishes  the  basis  for  the  summary  below: 

Deposition  of  Jeddito  formation 

This  fill  has  not  been  identified,  with  certainty,  but 
presumably  it  existed  and  has  been  eroded 

Erosion  of  Jeddito  formation 

Dry  period  accompanied  by  severe  wind  action  and 
the  accumulation  of  falling  dunes  on  the  southwest 
wall  of  the  canyon 

Deposition  of  the  Tsegi  formation  by  streams 

May  have  been  interrupted  one  or  more  times  by  ero¬ 
sion.  It  may  be  expected  that  traces  of  Basketmaker 
or  early  Pueblo  cultures  will  be  found  in  this  fill. 

Erosion  of  Tsegi  formation 

By  system  of  arroyos  cutting  to  bed  rock  as  deep  as 
modem  arroyos. 

Occurred  after  Pueblo  II— 1 1 1  time  (1200  A.D.) 

Deposition  of  Naha  formation 

Old  arroyos  were  filled,  but  not  up  to  level  of  the 
Tsegi  formation,  leaving  a  well-marked  terrace. 
Contains  Pueblo  III  sherds. 

Erosion  of  Naha  formation 
1884  to  present 

RIO  PUERCO  OF  THE  WEST 

The  Rio  Puerco  of  the  West  is  an  ephemeral 
stream  that  rises  in  New  Mexico  and  flows  into 
Arizona,  and  whose  valley  is  followed  for  a  long 
distance  by  the  Santa  Fe  Railroad  and  by  High¬ 
way  66.  Near  Lupton,  it  passes  through  a  deep 
canyon  cut  in  the  Mesaverdc  sandstone,  and 
reaches  the  Little  Colorado  River  near  Holbrook. 

One  quarter  mile  above  the  village  of  Lupton 
the  writer  in  company  with  Prof.  Kirk  Bryan 
examined  the  walls  of  a  short  tributary  wash. 
This  wash  flows  through  a  narrow  valley  in 
which  two  late  Quaternary  formations  are  ex¬ 
posed.  A  yellow  and  russet  watcrlaid  sand, 


which  resembles  closely  the  Jeddito  formation 
forms  a  constructional  terrace  about  40  feet  above 
the  stream  grade,  and  is  preserved  only  in  patches 
on  the  foot  slopes  of  the  mesas.  A  younger  clayey 
alluvium  rests  unconformably  on  this  russet  fill, 


Fig.  46.  Idealized  cross  section  of  the  Tsegi  Canyon 
in  the  region  of  Cobra  Head  (vertical  exaggeration:  2 
times) . 

and  forms  a  terrace  only  10  or  15  feet  above 
stream  grade.  A  village  of  Pueblo  III  age  was  built 
on  the  high  terrace.  No  artifacts  were  found  in 
either  body  of  alluvium,  but  a  layer  of  charcoal 
was  found  in  the  younger  alluvium.  In  many 
places  near  Lupton,  falling  dunes  resembling  the 
ones  in  the  Tsegi  Canyon  extend  down  the  canyon 
walls  to  the  alluvium.  The  visit  was  short  and 
there  was  no  opportunity  to  revisit  the  locality, 
but  it  is  clear  that  alternate  erosion  and  deposition 
has  occurred  in  the  canyon  of  the  Puerco. 

PUEBLO  COLORADO  WASH 

A  number  of  valleys  of  the  western  Navaho 
country  are  unaffected  by  the  recent  epicycle  of 
erosion  along  portions  of  their  courses.  The  most 
notable  example  is  the  Pueblo  Colorado  Valley.19 
At  Greasewood  Trading  Post,  where  the  wash 
emerges  from  the  southern  spurs  of  Black  Mesa, 
the  wash  can  easily  be  crossed  in  an  automobile. 
Many  cornfields  arc  irrigated  by  floodwaters 
diverted  from  the  wash  in  this  vicinity,  and  the 
region  attests  to  the  greater  natural  wealth  which 
once  must  have  existed  in  the  other  valleys  now 
dissected  by  deep  arroyos. 

Earthcr  upstream,  however,  near  Cornfields 
Mission,  the  stream  is  incised  in  an  arroyo  which 
is  shallow  enough  so  that  firming  is  still  carried 
on  by  the  use  of  the  water  it  carries.  Reagan-0  has 
reported  finding  buried  sherds  in  the  arroyo  walls 

'*  Pueblo  Colorado  is  the  official  name  for  this  wash, 
but  it  is  referred  to  by  some  as  the  Degoshibitoh. 

*°  Reagan,  1924. 
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Table  I 

CORRELATION  OF  PERIODS  OF  EROSION  AND  DEPOSITION  IN  THE  WESTERN 

NAVAHO  COUNTRY 


Stage 

Name  of 
Stream  Valley 

Jeddito 

Tsegi 

Oraibi 

POLACCA 

Rio  Puerco 
of  the  West 

Moenkopi 

Erosion 

Date  of  begin¬ 
ning  of  pres¬ 
ent  epicycle  of 
erosion 

Began 

1910 

Began 

1884 

Began 

1900 

Began 

1910 

p 

After 

1880 

Depo¬ 

sition 

Naha  fm. 
interrupted  by 
erosion 

Forms  low 
terrace;  has 

2  members 

Forms  low 
terrace 

Complex  valley 
fill  with  at 
least  one  pe¬ 
riod  of  erosion 
shown  by  bur¬ 
ied  channel 

Complex  valley 
fill  with  at 
least  one  pe¬ 
riod  of  erosion 
shown  by  bur¬ 
ied  channel 

Gray  fill  and 
red  fill  of  un¬ 
certain  age 
separated  by 
unconformity 

Erosion 

Erosion 

Buried 

Channel 

Buried 

Channel 

Valley  fill 
forming 
low  terrace 

Depo¬ 

sition 

Tsegi  fm. 
interrupted  by 
erosion 

Forms  inter¬ 
mediate  ter¬ 
race;  has  at 
least  2  mem¬ 
bers 

Highest 

terrace 

Erosion 

Erosion  ac¬ 
companied  by 
great  dune 
activity 

Ancient  dunes 
Jeddito  fm. 

Falling  dunes 
beneath  Tsegi 
fm. 

Broad  channel 
formed  and 
ancient  dunes 
on  Jeddito  fm. 
formed  at  same 
time 

Broad  channel 
formed 

Broad  channel 
formed 

No  evidence 

Depo¬ 

sition 

Jeddito  fm. 

Forms  highest 
terrace 

Absent? 

May  form 
high  terrace 

Forms  high 
terrace 

High  terrace 
above  clayey 
fills 

Absent  near 
Moenkopi 

in  this  vicinity,  showing  an  ancient  period  of 
deposition,  and  a  stream  grade  higher  than  the 
present. 

SUMMARY  OF  CHRONOLOGY 

Similarities  in  the  alluvial  deposits  of  many 
valleys  of  the  Western  Navaho  and  Hopi  country 
have  been  observed.  The  chronology  of  deposi¬ 
tion  and  erosion  discovered  in  the  Jeddito  Valley 
may  be  applied  to  all  of  them.  There  is  no  positive 
assurance  that  the  history  of  all  the  valleys  is  the 
same,  but  the  fact  that  one  chronology  can  be 
used  to  explain  the  features  of  any  of  them  is  a 
point  in  favor  of  their  having  a  common  history. 
It  cannot  be  expected  that  all  the  various  de¬ 
posits  should  be  preserved  in  all  the  valleys  or 
that  evidence  of  human  occupation  should  be 
found  at  all  in  brief  reconnaissance.  It  is  also 
possible  that  all  the  valleys  were  not  equally 
affected  by  the  changing  processes  acting  in  late 
Quarternary  time. 

It  is  possible  to  fit  together  the  evidence  derived 


from  the  unconformable  bodies  of  alluvium  of  the 
various  valleys,  into  Table  I. 

Thus  the  sequence  of  erosion  and  deposition  is 
found  in  various  stages  of  preservation  in  the 
different  valleys.  The  sequence  is  most  complete 
in  the  Jeddito  Valley.  Even  there,  however, 
events  occurred  such  as  the  epicycles  of  erosion 
within  Naha  time  and  Tsegi  time  for  which  the 
evidence  provides  only  a  hint. 

Elsewhere,  only  fragments  of  the  history  can 
be  worked  out.  At  the  present  time  the  Pueblo 
Colorado  Wash  is  nearly  unaffected  by  the  recent 
epicycle  of  erosion.  It  is  probable  that  ancient 
periods  of  erosion  did  not  affect  all  valleys  to  the 
same  degree. 

COMPARISON  OF  RECENT  AND  AN¬ 
CIENT  EPICYCLES  OF  EROSION 

Frequent  objection  to  the  application  of  the 
theory  of  climatic  terraces  to  the  southwest  is 
based  on  the  contention  that  ancient  epicycles  of 
erosion  were  not  as  widespread,  or  as  severe  as 
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the  present  epicycle  and  were  not  contemporane¬ 
ous,  in  other  words  that  they  were  the  result  of 
local  causes.  Ancient  arroyo  systems  have  been 
described  at  several  places  in  Texas,  New  Mexico, 
and  Arizona.  Bryan,  and  Albritton  and  Bryan21 
have  ably  argued  the  problem  of  contemporaneity 
over  this  wide  region,  and  their  argument  based 
on  archaeological  evidence  need  not  be  restated 
here. 

Throughout  the  Southwest,  at  least  three  major 
valley  fills  have  been  found  in  several  areas.  In 
the  Jeddito  Valley  there  is  evidence  that  two  of 
the  three  fills  are  divisible  into  two  members, 
making  a  total  of  five  fills.  Each  change  of  stream 
habit  from  deposition  to  erosion  or  vice-versa 
results  from  a  change  in  stream  gradient,  or  a 
change  in  the  position  of  the  stream  bed,  as 
exemplified  by  the  Jeddito  Valley  (fig.  37).  These 
changes  may  not  affect  all  of  the  stream  system. 
They  may  affect  one  part  one  way  and  another 
part  another  way.  The  relative  positions  of  place 
of  erosion  and  place  of  deposition  may  change. 
Thus  the  history  of  the  valley,  the  sequence  of 
periods  of  alluviation  and  subsequent  erosion  may 
be  the  same,  but  the  evidence  may  be  lacking. 
The  possible  intricacies  are  numerous.  The  effect 
of  these  intricacies  on  the  available  evidence  can 
best  be  understood  by  a  consideration  of  ex¬ 
amples. 

Assuming  three  valley  fills  in  valleys  with  the 
same  cross  section  and  in  a  similar  environment, 
let  us  see  what  the  results  of  a  similar  number  of 
alternations  in  gradients  but  with  changes  dif¬ 
fering  in  amount  from  valley  to  valley  might  be. 
In  fig.  47  are  given  six  ideal  sections  of  valleys 
each  with  three  fills  separated  by  unconformities 
but  in  different  relationships  to  each  other. 

Section  1  is  a  valley  similar  to  the  Jeddito 
Valley  below  the  ruin  of  Kawaika-a.  Each  period 
of  erosion  has  cut  the  fill  to  the  same  bottom 
elevation,  but  each  subsequent  period  of  deposi¬ 
tion  has  lowered  the  stream  gradient  to  a  lower 
elevation  than  the  preceding  one.  1  he  end  result 
of  deposition  and  erosion  has  thus  been  a  degrada¬ 
tion  of  the  original  valley  fill.  With  this  situation 
the  sequence  of  erosion  and  deposition  is  easily 

11  Bryan,  1939;  Albrirten  and  Bryan,  1939. 

Fig.  47.  Cross  section  of  hypothetical  valleys,  each  with 
three  alternations  of  erosion  and  deposition.  This  diagram 
shows  some  of  the  many  ways  in  which  three  such  alterna¬ 
tions  may  be  recorded  by  the  remnants  of  the  deposits 
which  are  produced. 
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discovered  for  the  fills  are  easily  distinguished 
from  each  other  by  the  terraces  under  which  they 
lie. 

\ralley  No.  2  is  like  the  Tsegi  Canyon  (assum¬ 
ing  for  the  moment  that  the  Tsegi  Canyon  has 
some  remnants  of  the  Jeddito  formation  preserved 
in  it).  During  the  first  period  of  deposition  the 
stream  gradient  was  not  raised  as  high  as  it  was 
in  the  second  period.  In  the  third  period  it  was 
lowered  relative  to  the  second.  The  result  is  that 
there  is  only  one  terrace,  and  the  early  fill  is 
buried  by  the  two  later  fills. 

Valley  3  is  like  the  Oraibi  Valley.  The  stream 
grade  during  the  first  period  of  deposition  was 
raised  higher  than  in  the  two  later  periods.  It  was 
raised  higher  in  the  third  than  in  the  second.  In 
this  case  one  sees  only  the  terrace  between  the 
early  fill  and  the  late  fill.  Evidence  of  three  fills 
is  visible  only  where  the  modern  arroyo  inter¬ 
sects  the  unconformities  between  the  earlier  fills. 

Valley  No.  4  is  a  hypothetical  case  in  which 
each  period  of  deposition  raises  the  stream  grade 
higher.  Here  there  are  no  terraces,  and  there  may 
be  evidence  of  only  one  fill.  There  is  little  possi¬ 
bility  of  ever  finding  evidence  of  three  fills  unless 
both  the  buried  channels  happen  to  meet  each 
other  where  they  intersect  the  modem  arroyo. 

In  valley  No.  5  the  stream  grade  has  been 
raised  by  the  third  period  of  deposition  far  above 
where  it  was  before.  The  evidence  of  three  fills 
is  buried. 

In  valley  No.  6,  the  early  fill  has  been  com¬ 
pletely  washed  away,  and  the  intermediate  fill  is 
buried  by  the  late  fill.  This  is  probably  exempli¬ 
fied  by  the  upper  Jeddito  Valley. 

The  possibilities  are  great,  and  when  5  fills 
are  introduced  they  become  almost  endless.  The 
chance  of  all  the  fills  being  preserved  in  any  one 
valley  is  almost  ml.  Valley  No.  1  presents  the 
best  possible  relationship  for  the  preservation  of 
its  history,  for  the  terraces  make  the  different 
fills  clearly  identifiable,  and  when  an  uncon¬ 
formity  is  seen  in  the  arroyo  walls  it  can  be 
identified. 

Thus  the  Jeddito  Valley  is  the  best  suited  for  a 
study  of  this  kind.  Where  buried  channels  cannot 
now  be  found  in  the  walls  of  a  modem  arroyo,  it 
is  absurd  to  conclude  that  no  epicycle  of  erosion 
has  ever  occurred  before  the  present  one.  The 
narrower  the  valley,  the  less  likely  are  its  valley 
fills  to  be  preserved;  the  wider  the  valley  the  less 
likely  they  are  to  be  discovered,  unless  they  are 
separated  by  terraces  as  in  the  Jeddito. 


CAUSE  OF  ALTERNATE  EROSION  AND 
DEPOSITION  IN  THE  NAVAHO 
COUNTRY 

The  result  of  an  epicycle  of  erosion  is  to  en¬ 
trench  the  streams  along  their  course  and  to  move 
the  place  of  deposition  downstream.  In  other 
words  the  average  gradient  is  steepened.  The 
same  change  in  the  stream  might  be  affected  by 
tilting  of  the  whole  land  surface  in  a  downstream 
direction.  Thus  the  first  explanation  of  the  epi¬ 
cycle  of  erosion  which  suggests  itself  is  that  a 
tilting  or  warping  of  the  land  surface  has  oc¬ 
curred.  But  as  Huntington22  argues,  warping  is  an 
impossible  explanation.  It  is  not  conceivable  that 
the  Jeddito  Valley  was  tilted  one  way,  the  Moen- 
kopi  another,  and  the  Tsegi  Canyon  still  a  third, 
and  that  the  warping  was  thereafter  reversed. 
Such  a  warping  of  the  earth’s  crust  is  too  complex 
and  that  each  stream  valley  should  be  tilted  just 
the  right  amount  to  start  erosion  and  thereafter 
reversed  requires  a  nicety  of  adjustment  which  is 
beyond  belief. 

The  explanation  which  must  be  resorted  to  is 
that  the  steepening  of  the  stream  gradients  is  a 
result  of  an  increase  in  the  average  transporting 
power  of  the  streams,  due  to  increased  rate  of 
discharge.  This  increased  rate  of  discharge  must 
be  the  result  of  increased  runoff  at  the  headwaters. 
Such  an  increase  could  occur  because  the  pre¬ 
cipitation  became  more  violent  or  was  concen¬ 
trated  into  storms  of  greater  magnitude.  How¬ 
ever  such  a  concentration  of  runoff  is  much  more 
likely  to  be  the  result  of  a  change  in  the  vegetative 
cover.  The  problem  is  a  difficult  one  with  which 
to  deal.  It  is  well  known  that  even  in  the  driest 
regions  storms  often  occur  which  are  just  as 
violent  as  storms  of  much  more  humid  regions.  It 
seems  reasonable  to  argue  by  analogy  that  changes 
in  climate  have  little  effect  on  the  violence  of 
storms.  Changes  in  the  vegetative  cover  seem 
much  more  competent  to  affect  runoff.  Many 
studies  have  been  made  which  show  that  land 
whose  vegetation  has  been  thinned  or  changed  by 
overgrazing  has  a  greatly  increased  rate  of  run¬ 
off.23 

All  the  lower  portions  of  the  Navaho  Country, 
lie  either  within  the  steppe  zone  or  the  upper  part 
of  the  zone  of  desert  shrub,  and  there  is  some  grass 
present  almost  everywhere.  Removal  of  the  grass 
cover  increases  the  rate  of  runoff  so  that  a  change 

22  Huntington,  1905. 

23  See  Forsling,  1931. 
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in  climate  toward  dry  in  which  the  grass  is  suffi¬ 
ciently  decreased  to  affect  runoff  is  enough  to 
start  an  epicycle  of  erosion. 

It  is  thought  by  many  that  the  grass  cover  is 
removed  not  by  climatic  change,  but  by  over- 
grazing.  This  is  a  possible  cause  and  probably  an 
important  one  for  the  recent  epicycle  of  erosion, 
but  it  cannot  explain  the  ancient  ones.  They 
occurred  before  there  were  any  herds  of  sheep, 
goats,  or  cattle,  and  before  there  were  carts,  or 
automobiles  to  make  ruts. 

Various  other  ways  of  changing  the  grass  cover 
have  been  invoked  as  explanations  of  the  ancient 
epicycles.  One  explanation  is  that  enormous  herds 
of  antelope  once  roamed  the  country.  There  is, 
however,  no  evidence  that  there  ever  were  any 
great  numbers  of  antelope  in  the  Navaho  country. 
If  there  were,  surely  we  would  find  their  bones  in 
great  numbers  in  the  Pueblo  ruins  of  the  region. 

Another  explanation  is  that  the  Indians  burned 
all  the  shrubs  and  grass,  and  thus  started  erosion. 
This  seems  absurd  to  anyone  who  has  tried  to 
start  a  fire  in  the  drier  parts  of  the  Navaho  coun¬ 
try.  There  is  no  fire  hazard  below  the  zone  of 
yellow  pine. 

Still  a  third  explanation,  which  is  more  seri¬ 
ously  considered  by  many,  is  that  agricultural 
activity  caused  erosion.  It  was  shown  in  Chapter 
III  that  agricultural  activity  of  the  Hopi  Indians 
tends  to  prevent  erosion,  rather  than  cause  it. 
Wherever  flood-water  is  diverted  for  farming 
purposes,  small  earthen  spreaders  are  set  up  to 
aid  in  distributing  the  water,  and  to  prevent  gully¬ 
ing  of  the  cultivated  area.  The  clearing  of  land 
for  fields  results  in  the  formation  of  small  sand 
dunes  which  also  hinder  erosion  by  water.  Thus 
we  are  left  with  only  one  reasonable  explana¬ 
tion:  that  the  stream  gradients  changed  because 
of  climatic  change,  and  that  a  climatic  change  to 
dry  results  in  erosion,  whereas  a  change  to  wet 
results  in  deposition.  This  explanation  applies 
only  to  the  ephemeral  streams  of  the  Southwest. 
Climatic  change  may  have  other  effects  in  more 
humid  regions,  or  in  still  drier  regions  where  less 
sensitive  vegetation  grows. 

The  a  posteriori  evidence  for  correlating  erosion 
with  dry  periods  is  a  convincing  additional  body 
of  evidence.  The  Jeddito  formation  appears  to 
have  been  deposited  in  a  more  humid  climate  than 
prevails  today.  T  he  subsequent  period  of  erosion 
was  clearly  much  drier,  for  great  dunes  mantled 
the  region  with  sand,  The  evidence  of  the  dunes 
of  Antelope  Mesa,  discussed  in  Chapter  I\  indi¬ 


cates  that  during  at  least  the  later  part  of  Tscgi 
time  the  climate  was  relatively  moist.  There  is  no 
direct  geological  evidence  of  the  climate  during 
deposition  of  the  Naha  formation  but  the  studv  of 
the  annual  rings  of  trees  and  analysis  of  archaeo¬ 
logical  findings  show  that  the  pre-Naha  period  of 
erosion  was  a  time  of  drought  and  human  stress. 

The  greatest  break  in  the  history  of  the  Pueblo 
peoples  occurs  at  the  end  of  Pueblo  III  (around 
1250-1300  A.D.)  Many  migrations  occurred  at 
this  time.  Regions  like  Tsegi  Canyon,  Mesa 
Verde,  and  San  Francisco  Mountains  were  aban¬ 
doned.  TTie  cause  may  have  been  drought  and  the 
subsequent  period  of  erosion. 

Douglas’  tree  ring  chronology  has  been  sum¬ 
marized  by  Schulman24  who  states  that  major 
droughts  have  occurred  during  the  last  1900 
years  near  715,  1100,  1290  and  1585  A.D.  A 
drought  beginning  in  1880  may  have  been  as 
severe  as  the  earlier  ones.  The  most  severe 
drought  of  all,  called  the  Great  Drought,  occurred 
in  the  Plateau  between  the  years  1276,  and  1299. 
The  entire  13th  century  was  relatively  dry.  This 
dry  period  may  be  correlative  with  the  epicycle 
of  erosion  preceding  the  deposition  of  the  Naha 
formation.  That  the  present  epicycle  of  erosion 
may  be  in  part  due  to  climatic  causes  is  shown 
by  the  fact  that  the  later  half  of  the  19th  century 
was  abnormally  dry,  with  a  culmination  of 
drought  in  1880  and  the  recent  epicycle  of  erosion 
began  everywhere  in  the  Southwest  after  1 880.26 

AGE  OF  THE  LATE  QUATERNARY 
FORMATIONS 

There  is  archaeological  evidence  for  the  age  of 
only  the  youngest  of  the  three  formations.  The 
Naha  formation  is  shown  by  the  contained  fossils 
to  have  been  deposited  between  1300  A.D.  and 
1700  A.D.  The  Tsegi  formation  contains  char¬ 
coal,  and  the  Jeddito  formation  contains  elephant 
bones,  facts  which  do  not  aid  in  dating.  I  lie  only 
real  clue  is  the  very  dry  period  which  occurred 
before  the  deposition  of  the  I  segi  formation. 
This  was  much  drier  than  the  present  and  shifted 
the  vegetation  zones  a  considerable  distance  up 
slope  as  shown  in  Chapter  IV.  Therefore  it  can 
be  dated  by  correlation  with  a  world-wide  warm 
dry  period. 

Several  climatic  chronologies  arc  available. 
Antevs  has  constructed  one  for  the  Southwest, 
based  on  post-Pleistocene  fluctuations  of  lake 

14  Schulman,  1938. 

Bryan,  1925. 
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Table  II 


CORRELATION  OF  LATE  QUATERNARY  FORMATIONS  WITH  CHRONOLOGIES  OF 

CLIMATIC  CHANGE 


Hopi  Country 

West  Texas 
(Albritten  and 
Bryan,  1939) 

Climatic  Interpretation 

Time  in 
Years 

Fromm  (1939) 

Antevs  (1938) 

Naha  fm.  after 

Kokernot  fm. 

1300  A.D. 

1100-1400  A.D. 

| 

I 

-  1000  A.D. 

- erosion 

- erosion 

about  1 300  A.D. 

900-1300  A.D. 

Late 

0 

Increasing  Cold 

post-pluvial 

Tsegi  fm.  (A) 

Calamity  fm. 

moist 

occupation 

?  700+A.D.? 

no  date 

-  1000  B.C. 

-  cool  - 

?nnn  R  C* 

Tsegi  fm.  (B) 

Calamity  fm. 

or 

or 

-  3000  B.C. 

Middle 

erosion? 

erosion? 

-  cool  - 

post-pluvial 

warm  and  dry 

-  4000  B.C. 

Erosion 

- maximum  warmth - 

and 

Erosion 

-  5000  B.C. 

(Post-Glacial  optimum 

formation  of 

of  other  authors) 

dunes 

AOOO  R  P 

Early 

-  7000  B.C. 

post-pluvial 

Jeddito  fm. 

Neville  fm. 

-  8000  B.C. 

Pluvial 

-  9000  B.C. 

Cool  and  moist 

evels26  He  believes  that  the  post-Glacial  or  post- 
Pluvial  (not  exactly  synonymous)  began  about 
10,000  years  ago.  It  is  divided  into  the  following 
stages. 

Early  post-PIuvial  8000  to  5500  B.C. 

Wet,  but  becoming  drier 

Middle  post-Pluvial  5500  to  2000  B.C. 

Warm  and  dry 
Dessication  of  many  lakes 
in  Great  Basin 

Late  post-Pluvial  2000  B.C.  to  present 

This  chronology  is  a  simplification  of  events 

26  Antevs,  1938. 

27  Sears,  1938. 

28  Gleason,  1923. 

28  Raup,  1937. 


that  were  probably  very  complex.  Antevs  believes 
that  the  end  of  the  pluvial  was  about  10,000  years 
ago,  that  the  climate  became  warmer,  reaching 
an  optimum  between  5 500  and  2000  B.C.  and  then 
again  became  somewhat  cooler  and  moister. 

Evidence  of  a  relatively  warm,  dry  period  in 
late  post-Glacial  time  is  shown  also  by  pollen 
analysis  of  peat  bogs  in  central  and  eastern  United 
States.27  In  many  localities  a  flora  adapted  to 
warmer  climate  than  exists  today  in  these  places 
grew  for  a  short  time  and  then  died  out.  Eco¬ 
logical  studies  in  Central  United  States,  by  Glea¬ 
son28  indicate  that  the  prairies  and  their  mixed 
forest  border  once  extended  farther  east  than 
they  do  today,  and  thus  that  the  climate  must 
have  been  warmer.  Raup,29  on  ecological  and 
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historical  grounds,  holds  that  a  dry,  warmer 
period  preceded  the  present  climate  in  New 
England. 

Antev’s  chronology  is  in  agreement  with  the 
botanical  evidence  of  a  gradual  world  wide  in¬ 
crease  of  warmth  and  then  a  partial  return  to  cool 
conditions.  But  it  is  undoubtedly  too  simple,  for 
climatic  fluctuations  are  not  apt  to  be  so  gradual. 

The  long  continued  study  of  the  post-Glacial 
fluctuations  in  climate  of  northern  Europe  has 
yielded  many  complexities.  There  is  no  complete 
agreement  as  to  the  number  of  changes,  their 
magnitude,  or  the  rate  of  change  in  each  interval. 
Erik  Fromm30  gives  a  summary  of  post-Glacial 
pollen  analytical  studies  in  Sweden,  and  a  reallo¬ 
cation  of  dates.  The  basic  data  rests  on  analysis 
of  pollen  contained  in  varved  silts  and  delta 
sands  of  Lake  Ragunda.  This  sequence  made 
famous  by  the  work  of  Liden  is  also  tied  into  a 
historical  chronology  and  checked  against  ar¬ 
chaeological  finds.  There  were  more  fluctuations 
in  post-Glacial  time  than  Antevs  has  assumed  on 
the  basis  of  similar  but  earlier  studies.  Also  the 
major  climatic  changes  were  preceded  by  lesser 
fluctuations  back  and  forth  from  warmer  and 
colder  climate.  Fromm’s  chronology  is  worth  con¬ 
sidering  as  a  more  exact,  closely  dated  record  of 
climatic  change  nearer  the  final  truth  as  to  post- 
Glacial  events.  His  summary  chart  shows  a  cold 
period  recorded  in  a  minimum  of  alder-beech 
pollen  about  6000  B.C.,  an  important  warm 
period  recorded  in  a  great  maximum  of  the  same 
pollen  about  4500  B.C.  (post-Glacial  optimum 

30  Fromm,  1938. 

31  Albrittcn  and  Bryan,  1939. 


of  climate),  a  cold  period  and  minimum  at  3500 
B.C.,  another  warm  period  and  maximum  at  2000 
B.C.,  a  cold  period  with  a  very  low  minimum  at 
1000  B.C.  succeeded  by  an  uncertain  period  of 
fluctuating  climate  remaining  about  the  same  but 
perhaps  becoming  colder  up  to  the  year  1000  A.D. 

The  pre-Tsegi  dry  period  is  the  driest  period 
recorded  by  the  deposits  of  the  western  Navaho 
country.  It  is  therefore  most  likely  to  be  correla¬ 
tive  with  the  post-Glacial  optimum  of  4000  to 
5000  B.C.  If  this  assumption  is  made  the  Tsegi 
formation  was  deposited  between  3000  B.C.  and 
1200  A.D.  and  there  may  have  been  unrecorded 
periods  of  erosion  within  it  corresponding  to 
minor  climatic  fluctuations.  Albritten  and  Bryan’s 
Calamity  formation31  correlative  with  the  Tsegi 
formation  may  have  been  deposited  during  one 
part  of  this  period  and  the  Tsegi  formation  during 
another  part,  but  both  probably  fall  within  the 
same  time  interval. 

The  Jeddito  formation  must  have  been  de¬ 
posited  before  5000  B.C.  and  because  it  apparently 
was  deposited  under  wetter  conditions  than  pre¬ 
vails  today,  it  may  have  been  deposited  during  the 
pluvial  period  that  began  before  6000  B.C.  Of 
course  it  may  represent  alternate  stages  of  erosion 
and  deposition,  and  still  more  ancient  deposits  of 
Pleistocene  sediments  may  be  buried  in  it,  unex¬ 
posed  and  therefore  considered  a  part  of  it. 

Such  a  correlation  is  only  tentative.  It  can  be 
checked  and  strengthened  only  by  new  studies  in 
the  Southwest  and  better  knowledge  of  the 
fluctuating  climate  of  post-Glacial  time.  The 
tentative  correlation  is  shown  in  Table  II,  page 
68. 


Chapter  VI 


THE  CHANGING  ENVIRONMENT  OF  THE  HOPI  PEOPLE  AND  ITS 
EFFECT  ON  THEIR  AGRICULTURAL  ECONOMY 


IN  the  preceding  chapters  the  modern  physical 
environment,  the  physical  basis  for  agricul¬ 
ture,  changes  in  climate,  and  the  regime  of  surface 
streams  have  been  discussed.  The  Hopi  country 
is  a  land  more  favorable  for  a  primitive  agricul¬ 
tural  settlement  than  other  regions  nearby.  It  lies 
in  the  most  favorable  climatic  zone,  one  with  a 
long  enough  growing  season,  and  yet  with  enough 
rain  for  successful  com  production  by  special 
methods.  Because  of  its  physiography  it  occupies 
a  favorable  part  of  this  zone,  where  much  dune 
sand  makes  for  more  porous  soil  and  a  greater 
water  supply.  The  wide  valleys  offer  large  areas 
to  be  flooded  by  ephemeral  streams. 

Study  of  the  ancient  arroyo  systems  makes  pos¬ 
sible  estimates  of  the  relative  amounts  of  agricul¬ 
tural  lands  in  the  past  and  study  of  dunes  makes 
possible  speculation  on  the  broader  problem  of 
climatic  change.  By  correlation  of  these  events 
with  general  aspects  of  Pueblo  and  Hopi  history, 
it  is  possible  to  gauge  the  importance  of  environ¬ 
mental  change  on  their  well  being  and  cultural 
development. 

ANCIENT  HOPI  AGRICULTURE  IN  THE 
JEDDITO  VALLEY 

General 

There  are  two  means  of  gauging  the  position  of 
fields  in  the  past.  Sand  dune  fields,  because  they 
require  the  use  of  stone  lines  to  hold  down  wind 
breaks,  leave  traces  after  they  are  abandoned. 
Thus  the  location  and  mapping  of  ancient  fields 
of  this  type  is  possible.  However,  these  fields 
make  up  only  20  percent  of  the  acres  planted 
today,  and  throughout  the  whole  period  of  settle¬ 
ment  may  have  been  of  minor  importance.  Flood- 
water  fields  are  used  for  the  bulk  of  the  com 
supply.  They  leave  no  permanent  trace  of  their 
former  presence  when  abandoned,  but  because 
they  can  be  placed  only  where  flood-waters 
spread,  the  position  and  relative  size  of  ancient 
fields  can  be  estimated  by  knowing  the  history  of 
the  watercourses.  Other  types  of  fields  leave  no 
traces  and  are  of  minor  importance. 


Sand  Dune  Fields 

Modem  sand  dune  fields  are  common  on  Mesa 
tops  and  mesa  edges  near  Hopi  towns.  In  most 
cases  the  lines  of  stones  used  in  the  making  of 
wind  breaks  cannot  be  seen,  but  when  a  field  has 
been  abandoned  for  a  short  time  the  sand  is  in  part 
blown  away,  and  the  lines  exposed,  as  illustrated 
in  fig.  18. 

Similar  sets  of  stone  lines  are  of  common  occur¬ 
rence  on  the  north  rim  of  the  Jeddito  Valley,  as 
shown  in  fig.  48.  They  are  most  abundant  on  the 
wide  bench  half  way  up  the  cliff  edge,  where  the 
sand  is  thin  and  overlies  shale  or  adobe  slopes,  but 
are  also  found  on  the  mesa  top  in  a  few  places 
near  the  cliff  edge.  Many  more  areas  of  stone 
lines  may  once  have  existed  but  are  destroyed  or 
buried  by  action  of  water  and  wind. 

The  most  perfect  example  found  of  these 
ancient  fields  is  shown  in  fig.  49  (Locality  B,  fig. 
48)  The  area  once  farmed  consists  of  a  thin  sheet 
of  wind-blown  sand  which  partially  covers  a 
large  block  of  landslide  debris.  Rocks  of  this 
landslide  block  crop  out  through  the  sand  in 
many  places  in  the  northern  part  of  the  area 
farmed.  The  ancient  Hopi  utilized  these  out¬ 
crops  in  making  their  pattern  of  wind  breaks.  The 
area  is  typical  of  the  sand  dune  fields  which  utilize 
a  thin  cover  of  sand  over  a  clay  or  colluvial  soil, 
as  a  dry  mulch  in  storing  water. 

At  Locality  A,  fig.  48,  was  found  an  ancient 
sand  dune  field  on  the  mesa  top  near  the  cliff 
edge,  shown  in  detail  in  fig.  50.  This  area  also 
has  a  thin  sandy  soil,  but  here  it  mantles  the  sand¬ 
stone  cap  rock  of  the  mesa  rim.  A  small  amount 
of  water  was  undoubtedly  furnished  by  runoff  and 
underground  seepage  from  the  outcrops  and  sand 
dunes  surrounding  the  area. 

Other  localities  along  the  north  valley  wall  are 
similar  to  localities  A  and  B.  In  some  cases  the 
sandy  soil  is  still  preserved;  in  others  it  is  washed 
or  blown  away.  At  locality  C  (fig.  48)  a  group 
of  stone  lines  occurs  on  an  ancient  climbing  dune, 
among  a  group  of  small  Pueblo  III  ruins.  One  of 
the  rooms  abuts  directly  against  a  stone  line  and 
appears  to  have  been  built  at  a  later  time,  al- 
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Fig.  48.  Localities  in  the  Jeddito  Valley  where  the  positions  of  ancient  sand  dune  fields  are  recorded  by 
areas  of  stone  lines.  Localities  are  shown  by  triangles. 


though  the  evidence  is  not  conclusive.  This  group 
of  lines  is  then  as  old  as  Pueblo  III  and  it  is  prob¬ 
able  that  this  system  of  fanning  is  a  very  ancient 
one. 

All  along  the  mesa  edge,  there  is  a  definite 
relationships  between  the  stone  lines  of  ancient 
sand  dune  fields  and  areas  where  coal  was  mined 
and  pottery  fired.  Ash  heaps,  which  arc  the  re¬ 
mains  of  places  where  pottery  was  fired  with  coal 
occur  at  many  places  along  the  valley  wall.1  Stone 
lines  commonly  occur  nearby  but  not  in  the  same 
places  as  the  ash  heaps.  The  ash  heaps  are  often 
built  on  mining  waste,  not  good  soil  for  farming. 
The  wind  breaks  and  corn  fields  were  apparently 
placed  on  undisturbed  sandy  soil  nearby.  1  he 
relationship  is  illustrated  in  fig.  51,  which  shows 
the  distribution  of  ash  heaps  and  stone  lines  on  the 
wide  bench  of  the  cliff  edge  below  Awatovi. 

The  close  relationship  between  the  loci  of  the 
two  activities  suggests  that  they  were  perhaps 
carried  on  simultaneously  by  the  same  individuals. 
One  can  readily  imagine  that  the  ancient  Hopi 
women  fired  their  pottery  near  the  outcrops  of 
coal  and  while  engaged  in  this  activity  were  able 
conveniently  to  tend  small  fields  nearby  which 
produced  an  extra  supply  of  food. 

1  Hack,  1942. 


Sand  dune  fields  today  occupy  about  20  per  cent 
of  the  land  under  cultivation  by  the  Hopi.  At 
Hotevilla,  however,  their  importance  is  much 
greater,  and  they  make  up  over  60  percent  of  the 
area  cultivated.  It  is  probably  possible  greatly  to 
expand  the  area  of  this  type  of  field  all  through 
the  Hopi  country,  and  in  the  Jeddito  Valley 
sand  dune  fields  may  at  times  have  been  very 
important. 

Flood- Water  Farming  in  the  Jeddito  Valley 

Flood-water  fields,  the  type  of  greatest  im¬ 
portance,  are  now  almost  the  only  type  used  in 
the  Jeddito  Valley.  All  the  fields  near  the  Jeddito 
Valley  and  Antelope  Mesa  ruins  are  shown  in  fig. 
52.  The  only  large  fields  not  irrigated  by  flood- 
waters  are  those  in  Tallahogan  Canyon,  north  of 
the  ruin  of  Awatovi.  This  region  was  abandoned 
as  a  place  of  permanent  habitation  by  the  Hopi 
before  1700  A.D.  and  today  the  nearest  Hopi 
village  is  about  8  miles  away  (See  figs.  8  and 
13).  However,  the  people  of  First  Mesa  and 
Second  Mesa  still  farm  in  the  Tallahogan  Valley 
which  is  inside  the  Hopi  District  6.  They  have 
numerous  small  farm  houses  near  these  fields 
and  occupy  them  during  the  planting  and  harvest¬ 
ing  seasons,  and  at  various  times  during  the  sum- 
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Fig.  49.  Area  of  stone  lines  near  Jeddito  Trading  Post 
(locality  B,  fig.  48). 


mer.  The  Jeddito  Valley,  which  is  in  District  7, 
is  occupied  by  Navahos,  except  for  one  Hopi 
(married  to  a  Navaho)  who  has  a  large  house  and 
farm  near  the  wash  below  the  ruin  of  Chakpahu. 

The  Navahos  obtain  a  larger  part  of  their  in¬ 
come  from  stock  raising  than  from  agriculture,  in 
contrast  to  the  agricultural  Hopi.  Accordingly 
they  use  only  the  most  economical  methods  of 
producing  com  in  large  quantities,  and  do  not 
resort  to  small  sand  dune  fields  which  require 
more  labor  than  flood- water  fields. 

Above  the  Naha  well,  all  the  fields  are  akchin 
fields  at  the  ends  of  tributary  arroyos  which  have 


not  yet  cut  down  to  the  grade  of  the  main  wash. 
But  below  the  Winslow  Road  the  Jeddito  Wash 
becomes  shallower,  and  the  broad  clay  flats  along 
its  low  banks  are  spread  over  by  floods  from 
many  tributaries.  Still  farther  downstream  flood- 
waters  of  the  Jeddito  itself  spread  over  the  flats. 
Thus  large  fields  watered  by  the  runoff  of  the 
whole  Jeddito  Valley  region  can  be  located  in  this 
area.  Its  value  is  enhanced  by  the  fact  that  below 
well  No.  230  the  wash  has  a  small  perennial  flow 
of  water.  In  September,  1939,  it  was  flowing  at 
the  Winslow  Road,  after  one  of  the  driest  sum¬ 
mers  ever  experienced  in  the  region. 
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Fig.  SO.  Ancient  sand  dune  field  and  area  of  stone  lines  near  Kawaika-a,  at  locality  A,  fig.  48. 


Akchin  fields  can  be  planted  only  where  arroyos 
spread  over  the  flats.  Thus  arroyos  which  are 
deeply  incised  all  the  way  to  the  Jeddito  \\  ash, 
are  as  useless  for  farming  as  the  main  wash  itself 
is  above  the  Winslow  Road.  These  washes  are 
shown  in  fig.  52.  Before  the  present  epicycle  of 
erosion  occurred,  however,  (1908-1920)  they 
were  also  available.  The  restoration  of  the  arroyos 
now  deeply  incised,  not  including  the  main  Jed¬ 
dito  Wash,  would  probably  increase  the  acreage 
available  for  flood-water  farming  by  at  least  25 
percent.  If  the  main  wash  could  spread  out  over 
its  banks  along  its  whole  course,  the  cultivatible 
acreage  would  be  increased  enormously. 


As  shown  in  Chapter  V  the  history  of  the 
washes  and  their  gradients  is  known  for  several 
periods  of  the  past.  This  data  can  be  used  to  show 
the  amount  of  land  available  for  farming,  fig.  53 
is  a  scries  of  sketch  maps  of  the  Jeddito  Valley, 
showing  the  postulated  condition  of  the  surface 
drainage  at  various  times,  and  the  general  areas 
that  could  have  been  farmed.  Map  5  shows  the 
Jeddito  Wash  and  the  fields  of  today.  The  dotted 
areas  represent  the  general  area  overspread  by 
floodwaters.  The  boundaries  of  these  areas  can¬ 
not  be  closely  defined,  as  they  change  position 
from  time  to  time  and  the  fields  must  be  moved 
with  them;  thus  only  zones  of  farming  are  shown. 
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Fig.  51.  Areas  of  stone  lines  on  the  bench  beneath  the  ruin  of  Awatovi.  Shows  the 
relationship  to  ash  heaps  where  pottery  was  fired. 


Map  1  represents  the  conditions  in  the  Tsegi 
period  of  deposition  as  they  probably  were  during 
the  later  part  of  the  first  millennium  A. D.  At  some 
time  during  this  period  the  wash  must  have  had  a 
shallow  channel  over  most  of  its  course.  The 
stream  must  have  spread  over  the  central  portion 
of  the  valley  floor.  Numerous  clay  layers  in  the 
formation  show  that  there  were  many  areas  of 
spreading  waters.  The  drainage  was  probably 
carried  not  by  a  coherent  arroyo  system,  but  by  a 
series  of  very  shallow  channels  each  of  which 
ran  only  for  a  short  distance. 

As  shown  in  Chapter  V  the  lower  part  of  the 
Jcddito  Valley  was  covered  by  a  thick  mantle  of 
sand  dunes  during  all  of  Tsegi  time  so  that  the 
Jcddito  Wash  and  all  its  drainage  must  have 
spread  out  somewhere  near  the  end  of  Antelope 
Mesa.  Conditions  at  this  time  were  ideal  for  flood- 
water  farming.  All  through  the  central  portion  of 
the  valley,  farms  could  have  been  located  in 
thousands  of  places  on  the  Tsegi  formation.  The 
only  positions  not  flooded  were  probably  the  dune- 
covered  and  dissected  slopes  of  the  Jeddito  ter¬ 
race  along  the  valley  wall. 

Toward  the  end  of  the  Tsegi  period,  a  lowering 
of  stream  gradients  occurred.  The  mouth  of  the 
wash  was  forced  downstream,  and  silt  and  clay 
was  deposited  on  top  of  the  dune  barrier.  Around 
1200,  the  situation  was  probably  as  represented 
in  map  No.  2,  still  ideal  for  flood-water  farming. 
Somewhere  near  the  end  of  Pueblo  III  time,  how¬ 
ever,  (the  date  is  uncertain),  the  dune  barrier  in 
the  center  of  the  valley  was  finally  covered  by  a 
thin  deposit  of  silt,  and  the  wash  had  established 
its  course  all  the  way  to  the  Winslow  Road  and 
beyond.  Then  the  dunes  no  longer  acted  as  a 
barrier,  and  the  wash  became  deeply  incised,  in 


most  places  to  bed  rock.  Dissection  continued 
until  the  Jeddito  Wash  and  many  tributaries 
flowed  in  arroyos  as  deep  and  even  wider  than 
those  of  today.  It  is  not  known  how  far  down  the 
valley  dissection  occurred.  There  may  have  been 
a  shallow  arroyo,  or  no  arroyo  in  the  lower  valley, 
or  dissection  may  have  occurred  all  the  way  to  the 
Little  Colorado  River. 

At  this  time  the  area  available  for  farming  was 
small,  probably  even  smaller  than  it  is  today,  as 
shown  in  map  3.  The  Hopi  may  have  resorted  to 
sand  dune  agriculture  for  their  main  food  supply. 
The  Tallahogan  Wash,  however,  and  some  tribu¬ 
taries  of  the  Jeddito  undoubtedly  never  cut  deep 
enough  arroyos  to  ruin  all  the  areas  of  flood-water 
farming.  The  Tallahogan  Wash  is  still  blocked 
by  sand  dunes  just  as  the  Jeddito  was  until  it 
broke  through  at  the  end  of  Pueblo  III  time. 

In  Pueblo  IV  time,  the  washes  began  aggrading 
their  channels;  tributary  arroyos  became  filled  and 
the  areas  available  for  flood-water  farming  again 
increased.  By  1700  A.D.  the  stream  system  had 
reached  the  condition  shown  in  map  4.  Note  that 
the  akchin  of  the  Jeddito  Wash  has  never  again 
risen  above  the  dune  barrier.  As  a  result  the 
gradient  of  the  wash  farther  upstream  never  rose 
up  to  the  level  it  had  in  Tsegi  time.  Thus  even 
at  the  optimum  of  Naha  time,  the  Jeddito  Wash 
flowed  in  a  fairly  deep  channel.  Floodwater  farm¬ 
ing  was  possible,  however,  at  the  akchins  of 
tributaries,  and  in  the  vicinity  of  the  Winslow 
Road,  at  the  mouth  of  the  main  wash. 

1  his  condition  continued  until  after  1908,  when 
the  present  epicycle  of  erosion  began.  The  mouth 
of  the  Jeddito  has  moved  far  downstream  and 
many,  but  not  all  of  the  tributaries,  have  been 
incised  so  that  farming  areas  have  been  reduced. 
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Fig.  52.  Modern  fields  in  the  Jcddito  Yralley  region.  This  map  also  shows  the  condition  of  the  streams. 
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Thus  Hopi  farming  in  the  Jeddito  Valley  was 
best  in  the  first  millennium  A.D.  Gradients  un¬ 
doubtedly  changed  from  time  to  time,  during  this 
long  period  and  affected  the  farming,  but  there 
was  always  a  flood  plain  near  the  end  of  Antelope 
Mesa.  In  the  Tsegi-Naha  period  of  erosion,  there 
was  probably  even  less  land  for  farming  than 
there  is  today.  In  Naha  time  (Pueblo  IV  and  V) 
conditions  improved  but  never  again  reached  the 
lush  conditions  of  Tsegi  time. 

This  history  is  in  marked  contrast  to  that  of  the 
other  Tusayan  Washes.  The  Dinnebito,  Oraibi, 
Polacca,  and  Wepo  Washes  all  rose  above  their 
former  banks  during  Naha  time,  so  that  conditions 
for  farming  were  as  favorable  as  in  Tsegi  time. 
As  shown  on  page  79,  this  may  account  for  the 
abandonment  of  the  pueblos  of  the  Jeddito  Valley 
region. 

Earlier  History  of  the  Jeddito  Valley 

No  attempt  has  been  made  to  work  out  condi¬ 
tions  for  farming  earlier  than  late  Tsegi  time.  The 
Hopi  or  their  ancestors  have  occupied  the  region 
probably  only  since  the  later  part  of  Tsegi  time 
(since  the  time  of  Christ)  and  the  earlier  in¬ 
habitants,  if  any,  were  probably  not  agricultural 
people.  Furthermore  the  older  record  of  gradient 
changes  is  much  more  obscure.  It  is  possible, 
however,  to  recognize  a  period  of  much  greater 
dryness  between  2000  and  5000  B.C.  and  a  cooler 
wetter  period,  corresponding  to  the  deposition  of 
the  Jeddito  formation  before  5000  B.C. 

In  the  warm-dry  period  of  erosion  the  region 
must  have  been  unsuitable  for  settlement  by  an 
agricultural  people;  for  the  region  of  the  Jeddito 
Valley  was  then  almost  a  desert,  and  the  valleys 
and  mesas  were  covered  with  moving  dunes.  In 
Jeddito  time,  the  region  was  probably  much  more 
favorable  than  today,  unless  the  climate  was  too 
cold.  At  this  time,  however,  there  is  no  record 
of  any  occupation,  although  it  may  be  that  in  the 
future  the  remains  of  some  early  cultures  will  be 
found  in  the  Jeddito  formation. 

IMPACT  OF  ENVIRONMENTAL 
CHANGE  ON  PUEBLO  HISTORY 

General  Statement 

The  Hopi  and  other  Pueblo  peoples  are  closely 
dependent  on  their  environment.  They  are  a 
sedentary  people  subsisting  mainly  on  agricul¬ 
tural  produce  whose  abundance  is  directly  asso¬ 
ciated  with  climatic  and  other  physical  conditions. 


The  factor  of  physical  environment  is  too  often 
minimized  or  ignored  in  discussions  of  distribu¬ 
tion  and  history  of  primitive  peoples.  It  is  well 
known  that  throughout  the  Plateau  Country 
numerous  ruins  and  works  of  the  agricultural 
Pueblo  testify  to  the  former  presence  of  a  large 
population  in  regions  which  can  now  scarcely 
support  a  widely  scattered  and  sparse  semi- 
nomadic  population  of  Navahos,  Apaches  and 
Paiutes.  This  modem  sparse  population  is  often 
forced  to  move  from  place  to  place  because  of 
local  droughts,  which  cause  the  drying  up  of 
springs. 

It  is  assumed  by  many  that  the  introduction  of 
commercial  live  stock  by  the  white  man  has 
resulted  in  the  destruction  of  the  vegetative  cover 
over  large  areas  and  is  the  sole  cause  for  the 
ruination  of  a  once  verdant  land.  It  is  often  as¬ 
sumed  that  before  this  time  the  climate  has  never 
changed  and  the  arroyos  have  never  cut  down. 
Pueblo  history  is  often  explained  without  any 
consideration  of  the  effect  of  physical  environ¬ 
ment. 

Arroyos  shift  their  courses,  and  change  their 
gradients.  The  plant  cover  changes  in  response  to 
climatic  or  ecological  changes.  Springs  break  out 
or  dry  up  depending  on  the  condition  of  their 
intake  areas  above.  The  entire  history  of  the 
environment  is  one  of  constant  instability  and 
change.  The  delicate  relationship  between  Pueblo 
economy  and  agriculture,  and  environment,  make 
it  obvious  that  these  changes  must  have  had  their 
effect  on  Pueblo  history  and  cultural  develop¬ 
ment. 

Reading  the  numerous  accounts  of  travels  in 
the  Southwest  before  the  recent  epicycle  of  ero¬ 
sion  began,  one  may  obtain  an  exaggerated  picture 
of  the  former  fertility  of  the  region.  The  accounts 
invariably  describe  tall  grass,  cotton-wood  trees, 
pools  of  water,  swampy  areas,  and  so  forth,  but 
always  along  water  courses.  The  plateaus  and 
mesas,  and  areas  with  low  ground  water  table, 
were  very  little  changed  by  the  recent  epicycle 
of  erosion,  and  have  been  unfavorable  for  settle¬ 
ment  for  hundreds  of  years.  The  great  changes 
have  taken  place  only  along  the  stream  courses 
on  lands  making  up  a  very  minor  proportion  of 
the  total.  These  lands  might  be  described  as 
oases,  for  they  were  the  places  where  the  in¬ 
habitants  made  their  living,  and  near  which  the 
population  centered.  It  is  true  that  most  of  the 
stream  valleys  and  flood  plains  have  been  dis¬ 
sected  and  changed,  and  that  former  lush  mead- 
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Fig.  S3.  History  of  the  main  stream  of  the  Jeddito  Wash,  and  its  effect  on  flood-water  farming.  A  series  of  hypothetical  maps. 
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ows  have  been  destroyed  by  lowering  of  the 
ground  water  table.  However,  as  has  been  shown 
in  the  preceding  chapters,  this  period  of  change 
is  by  no  means  the  first. 

The  principle  effect  of  arroyo  cutting  on 
Pueblo  peoples  as  Bryan  has  pointed  out,  is  to 
destroy  many  areas  for  farming,  by  dissecting 
flood-water  fields,  and  lowering  the  water  table.2 
He  believes  that  this  happened  at  Chaco  Canyon 
and  accounts  for  the  abandonment  of  Pueblo 
Bonito  at  the  end  of  Pueblo  III  time.3  It  is  believed 
also  that  this  late  Pueblo  III  period  of  arroyo  cut¬ 
ting  affected  the  entire  Southwest  and  destroyed 
many  Pueblo  farmlands  just  as  the  present  epi¬ 
cycle  has  and  is  destroying  them. 

The  history  of  the  Pueblo  people  was  one  of 
slow  development,  increase,  and  spread,  through 
Basketmaker  and  early  Pueblo  time  culminating 
in  Pueblo  III.  At  the  end  of  this  period,  some¬ 
where  around  1300  A.D.  great  migrations  oc¬ 
curred,  so  that  much  of  the  area  formerly  occupied 
by  the  Pueblos  was  abandoned  and  they  moved  to 
more  favorable  areas.  The  regions  to  the  north, 
including  the  San  Juan,  Chaco,  and  Mesa  Verde, 
were  deserted.  Other  areas  farther  south,  includ¬ 
ing  the  Rio  Grande  and  the  Hopi  country  in¬ 
creased  in  population.  The  population  drew  in  to 
certain  specialized  areas  and  became  less  widely 
distributed  than  before.  The  Hopi  country  during 
this  interval  increased  both  in  population  and  in 
development  of  material  culture.  A  decline  in 
Hopi  civilization  did  not  occur  until  the  arrival  of 
the  Spaniards  or  shortly  before. 

Population  Changes  in  the 
Jeddito  Valley  Region 

A  reconnaissance  of  sites  in  the  Jeddito  Valley 
and  Antelope  Mesa  region  was  carried  out  in 
1939,  by  Mr.  William  H.  Claflin,  III.  This  work 
gives  us  some  idea,  although  a  very  rough  one, 
of  the  course  of  the  rise  and  fall  of  the  Pueblo 
population  in  the  region.  Notes  were  taken  on  the 
size  of  the  sites  found,  and  sherd  collections  were 
made  which  were  later  classified  by  Dr.  J.  O. 
Brew.  The  field  notes  give  only  a  rough  estimate 
of  the  size  of  the  ruins  for  many  of  the  sites  are 
partially  destroyed,  or  partially  covered.  Gen¬ 
erally  the  length  of  the  site  is  recorded,  or  is 
noted  as  a  large  or  small  sherd  area,  or  a  large 
or  small  group  of  houses.  The  writer  in  attempt¬ 

2  Bryan,  1929b. 

3  Bryan,  1926. 


ing  to  gain  some  idea  of  population  changes 
adopted  an  arbitrary  system  of  valuing  such 
notations  as  follows: 


Length  of  site: 

10  yards 

2  units 

20  yards 

5  units 

30  yards 

10  units 

40  yards 

20  units 

50  yards 

30  units 

100  yards 

70  units 

Sherd  area 

2  units 

House 

2  units 

Large  sherd  area 

20  units 

Large  group  of  houses 

20  units 

Some  of  the  sites  were  occupied  through  several 
divisions  of  the  Pueblo  chronology,  so  that  they 
had  to  be  counted  more  than  once.  For  instance 
a  site  called  Pueblo  II— III,  20  yards  long,  is  given 
a  value  of  5  units  in  Pueblo  II  and  also  5  units  in 
Pueblo  III.  This  evaluation  probably  exaggerates 
somewhat  the  relative  size  of  the  Pueblo  II 
population,  for  in  general  the  villages  or  house 
groups  which  were  occupied  during  Pueblo  II 
and  III  time  were  larger  in  Pueblo  III  than  in 
Pueblo  II.  The  large  ruins,  Awatovi,  Kawaika-a, 
Chakpahu,  and  Kokopnyama,  are  so  much  larger 
than  any  of  the  others  that  they  were  treated  in  a 
different  way.  It  is  known  that  they  were  con¬ 
siderably  larger  in  Pueblo  IV  time  than  they  were 
in  Pueblo  III  time;  accordingly  each  one  is  given 
a  value  of  300  units  in  Pueblo  IV  and  100  units 
in  Pueblo  III. 

This  method  obviously  yields  results  which 
are  relative  and  of  no  quantitative  value,  but  it 
does  enable  one  to  construct  a  curve  showing 
population  trends,  as  shown  in  fig.  54.  The  num¬ 
ber  of  villages  occupied  during  each  period  from 
Basketmaker  III  to  the  present  are  shown  as  bars 
at  the  base  of  the  diagram.  The  data  for  Pueblo  I, 
and  Basketmaker  III  is  at  the  present  stage  of  the 
study  less  certain  and  the  relative  population  at 
these  times  may  be  in  error,  but  there  is  no  doubt 
that  population  was  greater  in  Pueblo  II  time 
than  in  Pueblo  I.  There  is  also  no  doubt  that 
population  was  still  greater  in  Pueblo  III  as  not 
only  did  the  number  of  villages  increase  but  also 
their  average  size.  In  Pueblo  IV  time,  however, 
the  number  of  villages  declined  very  markedly 
but  the  larger  villages  were  so  much  larger  than 
any  earlier  ones  as  to  leave  no  doubt  that  the 
population  increased. 

It  is  probable  that  when  the  Spaniards  came  to 
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Years  A.  D. 

Fig.  54.  Probable  changes  of  Pueblo  population  in  the  Jcddito  YTalley  region,  based  on  a  reconnais¬ 
sance  survey  by  W.  H.  Claflin,  III.  The  bars  represent  the  number  of  ruins  belonging  to  each  period. 


the  Hopi  country,  Awatovi  was  the  only  large 
village  occupied,  although  there  may  have  been 
some  people  at  Kawaika-a.  Thus  a  very  abrupt 
decrease  in  population  occurred  at  the  end  of 
Pueblo  IV  time  which  may  have  been  uncon¬ 
nected  with  the  Spanish  conquest.  The  destruc¬ 
tion  of  Awatovi  in  1700-1701  brought  another 
abrupt  decline  in  population. 

The  curve  of  fig.  54  gives  a  fair  picture  of  the 
fluctuations  in  population  since  Pueblo  I  time, 
although  the  values  and  slopes  of  the  curve,  may 
be  greatly  in  error. 

If  a  curve  were  worked  out  for  the  First, 
Second,  and  Third  Mesa  regions,  it  would  prob¬ 
ably  be  similar,  except  that  there  would  be  no 
decline,  or  in  any  case  a  slight  decline  after 
Pueblo  IV  time,  for  the  region  is  still  thickly 
settled.  Why  should  the  other  parts  of  the  Hopi 
country  remain  settled  while  the  Jcddito  Valley 
region  was  abandoned?  This  may  be  answered  by 
comparing  the  history  of  the  stream  systems  of 
the  two  regions.  The  Jcddito  Wash  in  Pueblo  III 
time  flowed  at  the  level  of  the  valley  floor,  as  did 


the  Oraibi,  Polacca  and  Wepo  Washes.  Around 
1300  A.D.  they  were  probably  all  incised,  mak¬ 
ing  flood-water  farming  equally  poor  in  all  the 
regions.  In  Pueblo  IV  time,  however,  the  Polacca, 
Wepo  and  Oraibi  Washes  apparently  again 
spread  out  over  the  valley  floors,  whereas  the 
Jeddito  remained  in  a  channel,  at  least  in  the 
Antelope  Mesa  region.  This  may  possibly  explain 
the  abandonment  of  the  region.  It  has  certainly 
not  been  as  favorable  for  settlement  since  Pueblo 
III  time.  There  may  be  a  factor  other  than  a 
physical  one  just  as  important  in  explaining  the 
abandonment  of  the  region,  however,  and  this  ex¬ 
planation  may  thus  be  sufficient  but  not  necessary. 

But  why  did  the  Jeddito  Valley  region  increase 
in  population  at  the  end  of  Pueblo  III  time  when 
conditions  for  farming  began  to  become  poor? 
This  may  be  explained  by  the  assumption  that 
the  increase  in  population  occurred  liecause  of 
migrations  from  the  still  less  favorable  areas  to 
the  north.  If  a  population  curve  were  made  for 
the  upper  part  of  Black  Mesa,  the  Kaventa,  San 
Juan  or  Chaco  regions,  it  would  probably  show 
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an  increase  in  population  from  Basketmaker  time 
to  Pueblo  III  time  and  an  abrupt  decline  with 
complete  abandonment  at  the  end  of  Pueblo  III 
time.  It  is  obvious  that  most  parts  of  these  regions 
are  of  a  different  character  from  the  Hopi  country. 
The  Tsegi  Canyon  furnishes  a  striking  example. 
This  region  contains  hundreds  of  Basketmaker 
and  Pueblo  ruins,  all  Pueblo  III  in  age  or  older. 
The  inhabitants  must  have  farmed  on  the  canyon 
floor.  In  1884,  it  was  farmed  by  Navahos,  and 
was  a  rich  verdant  region.  It  is  now  almost  de¬ 
serted  due  to  the  disastrous  effects  of  the  recent 
epicycle  of  erosion.  It  has  been  shown  that  this 
canyon  floor  was  dissected  at  the  end  of,  or  shortly 
after  Pueblo  III  time,  and  it  would  have  been  just 
as  impossible  to  farm  in  it  then,  as  it  is  now.  The 
same  events  occurred  and  the  same  line  of  reason¬ 
ing  applies  to  many  stream  valleys  of  the  Plateau 
region,  such  as  Chaco  Canyon,  Navaho  Canyon, 
and  the  canyons  of  the  upper  Tusayan  Washes 
on  Black  Mesa,  where  because  of  the  narrowness 
of  the  alluvial  floor,  an  epicycle  of  erosion  quickly 
destroys  every  available  farming  space. 

In  the  Hopi  country,  however,  dissection  of  the 
valley  floor  is  not  so  complete  or  so  disastrous. 
Even  when  the  main  streams  are  incised,  the 
tributaries  still  supply  akchin  fields  with  water, 
and  may  continue  to  do  so  for  a  long  time  interval. 
Furthermore,  the  unusual  quantities  of  dune  sand 
in  the  Hopi  country  enables  the  inhabitants  to 
practice  sand  dune  agriculture,  not  possible  in 
other  areas  where  eolian  deposits  are  not  so 
abundant.  Thus  a  substitute  for  the  destroyed 
flood-water  fields  is  available. 

Furthermore  the  abundant  sand  of  the  Hopi 
country  provides  a  better  intake  area  for  springs, 
which  alleviates  the  effect  of  drought  w  hich  pre¬ 
sumably  accompanies  and  is  the  prime  cause  of 
an  epicycle  of  erosion. 

Thus  the  Hopi  country,  like  the  Rio  Grande 
region  to  the  east,  may  have  become  a  haven  of 
refuge  for  migrating  peoples  forced  to  leave 
their  settlements  in  less  favored  areas.  Its  popula¬ 
tion  increased  during  the  period  of  stress  and 
privation,  while  that  of  other  areas  to  the  north 
declined. 


Effect  of  Climatic  Change 

In  Chapter  IV  it  was  shown  that  between  5000 
and  2000  B.C.  there  was  probably  a  very  dry  pe¬ 
riod  when  the  rainfall  of  the  Hopi  country  was 
considerably  less  than  now,  and  when  great  dunes 
covered  the  region.  This  dry  climate  was  prob¬ 
ably  widespread,  and  large  areas  of  the  Plateau 
lands  must  have  been  uninhabitable.  This  dry  pe¬ 
riod  may  be  related  to  the  gap  in  the  archaeologi¬ 
cal  chronology,  which  exists  between  the  so-called 
“early  cultures,”  (Folsom,  Yuma,  Cochise  etc.) 
and  the  Pueblo  cultures.  Only  the  mountain  areas 
would  at  that  time  have  been  suitable  for  habita¬ 
tion  by  agricultural  peoples. 

It  was  shown  in  Chapter  IV  that  the  first  mil¬ 
lennium  A.D.  may  have  been  cooler  or  wetter  than 
the  second.  If  so,  this  difference  in  climate  was 
probably  very  slight  and  not  enough  to  affect 
farming  practices.  It  is  doubtful  that  the  climate 
could  have  been  wet  enough  to  allow  farming 
with  rainfall  alone,  for  over  16  inches  of  rainfall 
would  be  needed  in  regions  which  now  have  only 
12.  But  the  climate  may  have  been  slightly  more 
equable,  allowing  flood-water  farming  in  locali¬ 
ties  now  unfavorable.  The  juniper  and  pinon  zone 
may  have  been  slightly  larger  in  extent,  and 
springs  may  have  had  a  greater  flow,  or  have  been 
more  abundant.  The  effect  of  climate  on  the  gra¬ 
dients  of  streams  must  have  been  much  more  im¬ 
portant  to  the  inhabitants  than  its  more  direct 
effects. 

CONCLUSION 

The  Hopi  Country  is  superior  to  other  areas 
nearby  for  agricultural  settlement  by  a  primitive 
people.  It  has  a  better  surface  and  ground-water 
supply,  and  it  resists  better  the  devastating  effects 
of  climatic  change.  The  region  seems  on  first  ac¬ 
quaintance  to  be  a  barren,  wind-swept  desert  but 
paradoxically  it  is  this  barrenness  which  consti¬ 
tutes  its  superiority.  Its  exposed  position  and 
broad  valley  flats  enable  the  wind  to  pile  up  huge 
mounds  of  sand  which  inhibit  arroyo  cutting,  al¬ 
low  flood-water  to  spread,  and  provide  a  perma¬ 
nent  ground-water  supply  in  or  beneath  the  large 
dune  areas. 


APPENDIX 

BOTANICAL  NAMES  OF  PLANTS  REFERRED  TO  IN  TEXT 


The  following  botanical  names  are  taken  in 
part  from  the  United  States  Soil  Conservation 
Service  Land  Planning  Report  for  Navaho  Unit 


Grasses 

Grama  grass  (blue  grama) 
Dropseed  (sand  dropseed) 
Sacaton  (Alkali  sacaton?) 
Shrubs 
Bushmint 
Rabbit  brush 
Sand  sage 

Common  sagebrush  (black  sage) 
Snake  weed 


Bouteloua  gracilis 
Sporo bolus  crypumdrus 
Sporo bolus  airoidcs 

Poliomintha  incam 
Chrysothamnus  spp. 
Artemisia  filifolia 
Artemisia  tridentata 
Gutierrezia  spp. 


6,  Biology  section,  by  Gale  Alonson,  and  in  part 
from  personal  communication  to  the  author  by 
Yolney  H.  Jones. 


Mormon  tea 
Salt  bush 
Trees 

Yellow  pine 
Douglas  fir 
Juniper 
Pi  non 
Weeds 

Croton  weed 
Russian  thistle 


Ephedra  viridis 
A  triplex  cuneata 

Pinus  ponderosa 
Abies  douglassi 
Jumperus  utahensis 
Pinus  edulis 

Croton  texensis 
Salsola  pesti/er 
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PREFACE 


THIS  report  is  one  of  the  series  giving  the 
results  of  the  excavations  and  studies  of  the 
Peabody  Museum  Awatovi  Expedition.  The  ex¬ 
pedition  conducted  five  years’  field  research, 
1935-1939,  under  permission  of  the  United  States 
Department  of  the  Interior,  in  the  drainage  of 
the  Jeddito  River,  which  lies  partly  in  the  Hopi 
and  partly  in  the  Navaho  Indian  Reservations, 
northeastern  Arizona,  between  35°  and  36°  N. 
Lat.  The  immediate  area  of  investigation  includes 
the  Jeddito  Valley,  Antelope  Mesa,  Roberts 
Mesa,  1  allahogan  Valley,  and  Bluebird  Canyon. 
Certain  studies  embrace  the  entire  Hopi  country 
and  Black  Mesa  as  a  whole. 

Twenty-one  sites  were  excavated  by  the  ex¬ 
pedition,  a  site  survey  of  the  Jeddito  drainage  was 
made,  and  numerous  specialized  studies  were 
undertaken.  T.  he  field  work  was  supported  by  the 
Exploration  Fund  of  the  Peabody  Museum  and  by 
the  liberal  contributions  of  Mr.  and  Mrs.  William 
H.  Claflin,  Jr.,  and  Mr.  and  Mrs.  Raymond  Emer¬ 
son,  Mr.  Henry  S.  Morgan,  and  Mr.  and  Mrs. 
Phillip  Allen. 

The  Awatovi  Expedition  grew  out  of  Mr. 
Claflin’s  interest  in  the  prehistory  of  the  Hopi 
country.  During  various  trips  to  Northern  Ari¬ 
zona  he  had  acquired  a  thorough  knowledge  of  the 
Reservation  which  has  been  of  inestimable  value 
to  the  Expedition.  Faith  in  the  archaeological  pos¬ 
sibilities  of  the  Jeddito  Valley  led  Mr.  Claflin  to 
instigate  an  extensive  reconnaissance  trip  in  1935 
which  was  followed  by  four  seasons  of  intensive 
excavation. 

The  activities  and  accomplishments  of  the 
Awatovi  Expedition  were  many  and  varied.  The 
field  program  included  numerous  studies  outside 
the  confines  of  “ordinary  archaeology.”  It  was 
the  basic  policy  of  the  expedition  to  encourage  the 
cooperation  of  students  in  other  branches  of  learn¬ 
ing  who  believed  that  their  techniques  could 
appreciably  augment  the  strictly  archaeological 
approach  to  the  problems  of  prehistory.  The  pol¬ 
icy  has  been  justified  beyond  all  expectation. 

The  excavated  sites  revealed  remains  of  habi¬ 
tations  of  the  region  from  early  in  the  second 
half  of  the  first  millenium  A.D.  to  the  beginning 
of  the  18th  century.  In  terms  of  the  Pecos  Con- 

*  Roberts,  F.  H.  H.,  Jr.,  “A  Survey  of  Southwestern 
Archaeology,”  Am.  Anth.,  Vol.  37,  pp.  1-35,  1935. 


ference  of  Southwestern  cultures,*  on  the  basis  of 
architecture,  pottery,  and  tree-ring  dating,  the 
periods  represented  were:  Basket  Maker  III, 
Pueblo  I,  Pueblo  II,  Pueblo  III,  Pueblo  IV,  and 
part  of  Pueblo  V. 

The  chief  reason  for  the  selection  of  Awatovi, 
instead  of  one  of  the  other  large  ruined  pueblos 
in  the  Jeddito,  for  major  excavation  was  the  ap¬ 
parent  assurance,  obtained  in  preliminary  recon¬ 
naissance,  that  it  held  the  longest  record  of 
occupation.  Furthermore,  that  record  was  not  re¬ 
stricted  to  prehistoric  remains,  for  Awatovi  was 
the  site  of  the  Franciscan  mission  of  San  Bemado 
de  Aguatubi  and  it  is  known  from  definite  though 
meager  historic  references  that  the  pueblo  was 
still  inhabited  at  the  close  of  the  17th  century. 

It  is  generally  assumed  from  the  description 
given  that  Awatovi,  although  not  mentioned  by 
name,  was  the  first  of  the  Tusayan  pueblos  en¬ 
countered  by  Tobar  of  the  Coronado  Expedition  in 
1540.  Espejo  visited  Awatovi  in  1583,  and  Onate 
in  1598.  In  1629  the  Franciscan  mission  was 
authorized,  and  from  approximately  that  date  until 
the  Pueblo  Rebellion  in  1680  the  inhabitants  were 
in  close  contact  with  at  least  a  few  Europeans. 

After  the  Rebellion  twelve  years  elapsed  before 
the  Spaniards  returned.  In  1692  the  “Moqui” 
pueblos,  including  Awatovi,  were  visited  by 
deVargas  with  a  military  expedition  and  once 
more  fell  under  the  influence  of  Christianity  and 
European  civilization.  The  re-acceptance  of  Span¬ 
ish  suzerainty  and  religion  seems  to  have  been 
more  complete  at  Awatovi  than  in  the  other  vil¬ 
lages  of  Tusayan.  This  fact  may  have  contributed 
to  the  eventual  downfall  of  the  town. 

The  nature  of  the  abandonment  of  Awatovi  is 
not  very  clear.  At  present,  based  on  Hopi  tradi¬ 
tion  and  very  limited  references  in  contemporary 
official  New  Mexican  documents,  the  following 
story  can  be  pieced  out.  Sometime  during  the 
winter  of  1700-1701  bands  of  men,  probably 
recruited  from  the  Hopi  towns  of  First  and  Sec¬ 
ond  Mesas  (there  is  great  disagreement  in  I  lopi 
stories  on  this  point),  attacked  the  village  and  are- 
said  to  have  massacred  the  male  inhabitants.  As 
far  as  our  information  goes,  this  marked  the  end 
of  Awatovi  as  an  inhabited  site.  I  lowcver,  the  un¬ 
satisfactory  nature  of  this  evidence  is  apparent, 
and  the  possibility  of  people  living  at  Awatovi 
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after  1701  must  be  considered.  But  we  do  know 
that  at  least  one  hundred  and  sixty  years  of  life 
after  the  first  Spanish  contact  lies  recorded  in 
these  ruins. 

A  more  extensive  statement  of  the  field  work  of 
the  expedition,  a  list  of  the  staff  members,  and  a 
description  of  the  plan  of  publication  will  be 
found  in  the  preface  to  the  first  report  issued: 


“Changing  Physical  Environment  of  the  Hopi 
Indians  of  Arizona”  by  John  T.  Hack,  Papers 
of  the  Peabody  Museum  of  Harvard  University, 
vol.  XXXV,  no.  1,  1942. 

J.  O.  Brew 

Director  and  Editor ,  Avoatovi 
Expedition  of  the  Peabody  Museum, 
Harvard  University 
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ABSTRACT 


THE  Jeddito  Valley  ruins  as  well  as  the  mod¬ 
em  Hopi  towns  are  located  on  the  southern 
edge  of  Black  Mesa,  a  dissected  aggregate  of 
smaller  mesas  underlain  by  Upper  Cretaceous  in- 
terbedded  sandstones,  shales,  and  coal  beds.  In 
the  Jeddito  Valley  the  coal  beds  crop  out  on  a 
wide  bench  on  the  valley  rim  accessible  to  the 
ruins.  That  the  inhabitants  of  the  valley  utilized 
this  coal  extensively  is  shown  by  the  large  quanti¬ 
ties  of  coal  ash  which  occur  in  the  ruins  of  Pueblo 
III,  IV,  and  V  age,  or  roughly  in  the  13th  to  17th 
centuries  A.D.  Coal  was  also  used  for  firing  pot¬ 
tery  at  least  during  Pueblo  IV  time,  as  is  shown 
by  the  kinds  of  broken  pottery  found  in  the  many 
heaps  of  ashes.  The  ash  heaps  are  conveniently 
near  the  coal  outcrops.  One  of  them  was  exca¬ 
vated  and  contained  a  group  of  pots  left  in  place 
after  firing. 

The  simple  technique  of  ancient  mining  con¬ 


sisted  of  removing  the  overburden  and  excavating 
the  coal.  The  waste  was  piled  behind  the  mining 
face.  The  result  of  mining  was  to  leave  an  area 
stripped  of  coal  and  overlying  rock,  piled  high 
with  heaps  of  waste  material.  When  the  over¬ 
burden  became  very  thick  the  mine  was  aban¬ 
doned,  but  in  at  least  one  area  mining  by  under¬ 
ground  methods  was  used. 

More  than  27,000  tons  of  coal  were  mined 
close  to  Awatovi  and  the  total  for  the  whole 
Jeddito  Valley  probably  exceeded  100,000  tons. 
Over  90  percent  of  the  coal  was  carried  to  the 
houses  for  fuel.  Comparatively  little  was  used  for 
firing  pottery.  The  use  of  coal  was  an  important 
aspect  of  the  culture  of  the  Hopis  in  this  region  in 
Pueblo  III,  IV,  and  V  time.  The  utilization  of 
coal  may  have  been  an  accidental  discovery,  but 
the  technique  of  mining  demonstrates  the  inge¬ 
nuity  and  industry  of  the  Hopis. 
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INTRODUCTION 


THE  modem  Hopi  Indians  are  an  agricultural 
people  living  for  the  most  part  in  ancient 
towns  located  on  the  southern  edge  of  Black 
Mesa.1  With  few  exceptions  they  use  wood  for 
heating  their  houses,  and  sheep  dung  for  firing 
their  pottery.  Coal,  which  is  easily  available  to 
them,  is  also  used  to  some  extent  as  fuel,  but  the 
modern  use  is  very  recent.  At  the  time  the  United 
States  Government  developed  mines  to  supply 
schools  and  agencies  the  Indians  did  not  use  coal 
generally.  Several  hundred  years  ago,  however,  it 
was  in  use  as  is  shown  by  the  observations  of  a 
Spanish  priest.  In  1697,  Fray  Agustin  de  Vetan- 
curt  who  had  visited  the  Pueblo  of  Awatovi  wrote 
in  his  Chrdnica  de  la  Pr  ovine  ia  del  Santo  Evangelico 
de  Mexico:  “There  is  pumice  stone  in  quantity, 
and  stones  which  serve  for  coal,  but  the  smoke  is 
noxious  in  its  strength.”2 

The  first  proof  by  archaeological  methods  that 
coal  was  burned  long  ago  by  the  Hopis  was  found 
by  J.  Walter  Fewkes,3  in  1895,  who  noticed  coal 
ashes  in  the  rooms  of  Awatovi.  Archaeologists 
became  convinced  of  the  former  use  of  coal  by 
each  excavation  in  the  Tusayan  ruins.  But  not 
until  1935  was  any  detailed  information  published 
on  the  subject.  Bartlett  then  wrote  a  short  account 
of  the  heaps  of  coal  ash  which  are  very  abundant 
throughout  the  Hopi  country  near  the  ancient 
and  modem  towns.  She  believed  that  pottery  was 
fired  with  coal  at  these  spots  during  Pueblo  IV 
and  part  of  Pueblo  V  time,  and  that  the  use  of 
coal  was  discontinued  when  the  Spaniards  occu¬ 
pied  the  region  and  introduced  sheep,  whose  dung 
came  to  be  used  in  place  of  coal  for  firing  pot¬ 
tery.1  In  1936  Colton  described  some  ancient  coal 
mines  which  had  been  disclosed  by  modem  mining 
operations  near  the  Pueblo  of  Shungopovi  on  Sec¬ 
ond  Mesa.8 

Excavations  of  the  Peabody  Museum  Awatovi 
Expedition  indicated  that  a  great  deal  of  coal  had 
been  used  as  fuel  by  the  early  inhabitants  of  the 
Jeddito  Valley,  and  its  use  extended  back  as  far  as 
Pueblo  II  time.  In  the  1938  season,  the  writer,  as 
geologist  on  the  expedition  staff,  undertook  an 
investigation  of  ash  heaps  of  the  Jeddito  Valley 

1  See  Hack,  1942,  fig.  2,  p.  4. 

1  Hodge,  1904,  p.  581. 

s  Fewkes,  1895,  p.  580. 

4  Bartlett,  1935,  pp.  41—44. 


region.  It  became  clear  that  these  were  indeed  the 
remains  of  pottery  firing  heaps,  and  that  pottery 
was  fired  with  coal  near  the  coal  outcrops.  In  a 
search  for  the  source  of  the  coal  it  was  found  that 
much  could  be  learned  about  the  technique  of  coal 
mining  and  that  the  mining  of  coal  went  on  ac¬ 
tively  from  the  latter  part  of  Pueblo  III  time, 
through  Pueblo  IV  and  the  early  part  of  Pueblo  V 
time,  or  roughly  from  the  13th  to  17th  centuries 
A.D.  It  was,  in  fact,  a  major  Hopi  industry.  The 
principal  technique  was  the  simple  one  of  strip 
mining.  So  much  coal  was  mined  by  this  method 
that  it  seems  probable  that  it  largely  supplanted 
wood  as  fuel. 

The  Hopi  apparently  discovered  the  value  ot 
coal  at  about  the  same  time  as  the  English.  Coal 
was  known  in  England  at  least  as  early  as  the  9th 
century,  A.D.,  but  it  was  not  generally  used  in 
London  until  the  13th  century.6  At  first  it  was 
used  as  a  substitute  for  charcoal,  because  it  was 
easier  to  obtain  and  therefore  cheaper.  As  the 
chimney  was  developed  its  use  grew  and  finally 
it  became  an  important  factor  leading  to  the  in¬ 
dustrial  revolution.7  Although  in  the  Hopi  coun¬ 
try  the  use  of  coal  had  the  same  beginnings  as  in 
England,  it  led  to  no  important  changes  in  the 
culture  of  the  inhabitants.  It  was  used  extensively 
for  a  time  and  then  almost  forgotten. 

In  the  following  report,  the  terms  Pueblo  II, 
Pueblo  III,  Pueblo  IV,  and  Pueblo  V  are  fre¬ 
quently  used.  They  refer  to  major  divisions  of  the 
Pueblo  chronology  and  are  used  here  in  the  sense 
first  proposed  at  the  Pecos  conference  in  1927, 
i.e.  Pueblo  II  extends  roughly  from  900  to  1100 
A.D.,  Pueblo  III  from  1 100  to  1 300  A.D.,  Pueblo 
IV  from  1300  to  1600  A.D.,  and  Pueblo  V  from 
1600  A.D.  to  the  present. 

The  importance  of  coal  as  a  natural  resource  of 
the  peoples  ancestral  to  the  modem  Hopi  was  seen 
by  Dr.  J.  O.  Brew,  the  Director  of  the  Peabody 
Museum  Awatovi  Expedition,  and  Mr.  A.  B. 
Stevens,  surveyor  to  the  1935  expedition.  In  the 
summer  of  1938,  the  writer,  at  Dr.  Brew’s  sug¬ 
gestion,  undertook  a  study  of  the  ash  heaps  used 
for  firing  pottery,  and  out  of  this  study  the  present 
one  developed.  The  writer  was  greatly  aided  in 

4  Colton,  1936,  pp.  59-61. 

•  Brew  and  Hack,  1939. 

7  Rickard,  1922. 
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archaeological  matters  by  Dr.  Brew,  Mr.  J.  A. 
Lancaster,  and  other  members  of  the  expedition 
staff.  The  work  was  financed  by  the  Peabody 
Museum,  and  labor  and  materials  were  generously 
supplied  whenever  needed. 

Coal  samples  were  generously  analyzed  free  of 
charge  by  the  U.  S.  Bureau  of  Mines  (see  p.  5). 
The  interest  of  Mr.  Wilmer  C.  Roberts  of  Jed- 
dito  Trading  Post  in  the  development  of  the  study 


was  greatly  appreciated.  The  writer  is  especially 
indebted  to  Professor  Kirk  Bryan  who  visited  the 
excavations,  made  many  valuable  suggestions,  and 
guided  the  preparation  of  the  manuscript,  and  to 
Professor  D.  L.  McLaughlin. 

John  T.  Hack 

Hofstra  College 
Hempstead,  N.Y. 

September,  1941 
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lie.  1.  Generalized  geological  map  of  northeastern  Arizona,  after  N.  H.  Darton,  “Geologic  Map  of  Arizona.” 

Boundaries  of  Tertiary  rocks  subject  to  correction. 
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OCCURRENCE  OF  COAL 
Black  Mesa  Coal  Field 

IT  is  characteristic  of  the  Plateau  Country  that 
the  rock  strata  are  not  strictly  horizontal,  but 
are  gently  warped  or  folded  into  broad  shallow 
domes,  or  arches,  and  corresponding  structural 
basins.  Erosion  has  beveled  the  edges  of  the 
warped  rock  strata  and  exposed  the  cores  of 
domes,  and  the  edges  of  beds  bent  down  into  shal¬ 
low  structural  basins.  The  present  topography 
does  not  depend  on  the  gentle  structures,  but  high 
places  exist  where  the  rocks  are  hardest,  and  low 
places  are  generally  carved  out  of  softer  rocks. 
All  the  rocks  older  than  the  Tertiary  were  in¬ 
volved  in  the  folding  from  the  pre-Cambrian  to 
the  Upper  Cretaceous.  The  coal  of  the  region  oc¬ 
curs  entirely  within  the  Upper  Cretaceous  rocks. 
In  most  places  they  have  been  stripped  off  by  ero¬ 
sion,  but  they  remain  and  are  now  exposed  in  the 
broadly  downwarped  structural  basins.  There  are 
several  basins  in  the  Plateau  Country  which  pre¬ 
serve  the  Upper  Cretaceous  rocks.  One  of  the 
largest  is  known  as  the  Tusayan  downwarp.  It  is 
a  large  area,  extending  from  the  Little  Colorado 
River  on  the  west,  to  the  ChinleWash  on  the 
east,  and  from  Holbrook  on  the  south  to  the 
Monument  Valley  and  Kayenta  region  on  the 
north.  At  its  center  the  Upper  Cretaceous  coal 
bearing  rocks  are  exposed.  Since  the  upper  beds 
of  this  group  of  rocks  are  more  resistant  than  the 
underlying  next  older  rocks,  they  rise  to  a  higher 
level,  and  hold  up  the  outline  of  the  complex  of 
mesas  which  taken  together  are  called  Black 
Mesa.  Thus  the  area  of  Black  Mesa  is  underlain 
by  rocks  containing  coal  beds  at  several  horizons, 
and  the  region  is  known  as  the  Black  Mesa  coal 
field. 

In  general  the  Upper  Cretaceous  rocks  of  the 
Black  Mesa  region  may  be  divided  into  3  zones, 
an  upper  zone  predominantly  of  sandstone,  a  mid¬ 
dle  zone  predominantly  of  shale,  and  a  lower  zone 
predominantly  of  sandstone,  all  three  containing 
some  coal.  Gregory  called  these  the  Mesaverde 
sandstone,  Mancos  shale,  and  Dakota  sandstone, 
respectively,  correlating  them  on  lithologic 
grounds  with  similar  Upper  Cretaceous  rocks  of 
southwestern  Colorado.8  Although  it  has  been 
shown  by  Reeside  and  Baker  that  the  “Mancos” 


represents  only  a  small  part  of  the  typical  Mancos, 
and  that  the  “Mesaverde”  is  considerably  older 
than  the  typical  Mesaverde,9  the  terms  applied  by 
Gregory  are  still  retained. 

Coal  occurs  principally  in  the  Mesaverde  and 
Mancos  formations,  though  small  seams  of  poor 
quality  are  sometimes  found  in  the  Dakota.  At 
the  present  time,  mines  are  operated  in  both  of 
the  upper  formations.  Campbell  and  Gregory 
have  estimated  that  there  are  over  14  billion  tons 
of  coal  in  these  two  formations  in  the  Black  Mesa 
coal  field.10 

Black  Mesa  may  be  described  as  a  greatly  dis¬ 
sected  group  of  smaller  mesas  or  plateaus  sepa¬ 
rated  by  narrow  valleys.108  It  is  about  50  miles  in 
diameter,  and  rises  from  500  to  1500  feet  above 
the  surrounding  country  which  consists  of  lower 
and  less  dissected  plateaus.  The  individual  mesas 
of  the  aggregate  are  underlain  by  the  Mesaverde 
sandstone,  and  their  elevation  is  preserved  because 
of  the  resistant  nature  of  this  rock.  As  a  whole. 
Black  Mesa  slopes  gradually  to  the  south  and 
southwest.  The  streams  of  the  region  head  in  its 
upper  portions,  and  flow  southwestward.  They 
begin  in  narrow  steepwalled  valleys  which  widen 
toward  the  southwest.  At  the  southern  and  lower 
edge  of  the  mesa  the  streams  have  cut  broader 
valleys,  leaving  the  Mesaverde  sandstone  pro¬ 
jecting  southwestward  in  long  narrow  prongs, 
known  as  Roberts,  Antelope,  First,  Second  and 
Third  Mesas.  The  valleys  between  these  prongs 
are  underlain  by  the  Mancos  shale,  which  also 
contains  coal.  But  the  valleys  are  also  filled  with 
alluvium  so  that  the  only  coal  available  to  the 
primitive  miners  is  that  in  the  Mesaverde  sand¬ 
stone  which  crops  out  in  the  cliffs  that  bound  the 
mesas.  The  Hopi  towns,  ancient  and  modem,  with 
the  exception  of  Mocnkopi  are  located  near  the 
edges  of  the  Mesa  within  short  distance  of  the 
outcropping  coal  beds. 

Occurrence  in  the  Jeddito  Valley 

The  present  study  was  conducted  entirely 
along  the  north  wall  of  the  Jeddito  Valley,  which 
lies  between  Roberts  Mesa  and  Antelope  Mesa. 

8  Gregory,  1917. 

9  Reeside  and  Baker,  1929,  p.  35. 

10  Campbell  and  Gregory,  1909,  pp.  229-238. 

la»  Sec  fig.  2,  Hack,  1942. 
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Many  large  ruins  of  Pueblo  III  and  IV  age  are 
located  on  the  southern  edge  of  Antelope  Mesa 
overlooking  the  valley.  One  of  them,  Awatovi, 
was  continuously  occupied  during  Pueblo  III,  IV, 
and  V  time.  A  sketch  map  of  this  region  is  shown 
in  fig.  2.  Like  the  rest  of  the  Hopi  Country,  the 
floor  of  the  Jcddito  Valley  is  underlain  by  the 
Mancos  shale,  and  the  valley  walls  are  largely 
composed  of  the  Mesaverde  sandstone.  In  the  re¬ 
gion  of  Awatovi  the  north  wall  of  the  valley  is 
about  500  feet  higher  than  the  lowest  point  of  the 
valley  floor,  and  the  wall  itself  is  a  rather  pre¬ 
cipitous  cliff  about  350  feet  high.  The  lower  85 
feet  of  this  cliff  belongs  to  the  Mancos  formation; 
the  upper  265  feet  belongs  to  the  Mesaverde  for¬ 
mation.  This  formation  consists  predominantly  of 
interbedded  sandstones  and  shales,  sandstone 
being  dominant.  Where  sandstone  beds  crop  out 
the  slopes  are  steep,  and  where  shale  beds  crop 
out  the  slopes  are  usually  gentle.  Thus  the  cliff 
has  a  step-like  cross-section  rising  upward  in  a 
series  of  benches  of  varying  width.  The  base  of 
the  formation  is  composed  of  1 12  feet  of  massive 
sandstone.  Above  this,  as  shown  in  fig.  7,  lie 
about  50  feet  of  soft  interbedded  sandstones  and 
shales.  Here  two  coal  seams  crop  out.  Above  the 
wide,  sloping  bench  is  a  steep  cliff,  about  150  feet 
high,  rising  in  sharp  steps  to  the  top.  Thus  the 
coal  beds  at  Awatovi  lie  on  a  wide  bench  about 
150  feet  below  the  top  of  the  mesa  edge. 

This  same  bench  may  be  traced  a  distance  east¬ 
ward  along  the  mesa  edge.  However,  further  up 
the  valley,  the  floor  of  the  valley  rises  with  re¬ 
spect  to  the  top  of  the  cliff  wall  so  that  at  the  ruin 
of  Lululongturque  the  bench  is  much  closer  to  the 
valley  floor.  Beyond  this  ruin,  the  bench  and  the 
coal  seams  lie  at  an  elevation  below  the  vallev 
floor. 

As  shown  in  fig.  7  there  are  two  coal  seams  on 
the  wide  bench  near  Awatovi.  The  lower  one  is 
about  1  \  feet  thick,  and  the  upper  one  is  only  8 
rnches  thick.  Near  Jeddito  at  the  same  horizon, 
there  is  only  one  large  seam,  which,  however,  is 
about  6  feet  thick. 

At  the  present  time  the  outcrop  of  the  coal  is 
generally  obscured  by  mining  waste,  landslides, 
and  slope  wash,  as  well  as  dune  sand.  But  in  pre¬ 
historic  times,  before  it  was  mined,  the  coal  must 
have  cropped  out  in  many  places,  and  an  abundant 
supply  must  have  been  exposed  or  only  slightly 
concealed  by  a  thin  cover.  Such  outcrops  were 
sufficiently  numerous  so  that  opportunities  to 
mine  were  present  at  each  ancient  town. 


In  many  places,  however,  dune  sand  extends 
from  the  valley  floor  to  the  mesa  top,  and  thus 
buries  or  partly  buries  the  cliffs  and  covers  the 
coal  to  a  considerable  depth.  The  dune  sand  is  no 
longer  moved  by  the  wind  except  where  it  has 
been  disturbed.  It  was  in  place  on  the  valley  walls 
long  before  the  occupation  by  the  Hopis  or  their 
immediate  predecessors.11  With  the  exception  of 
the  areas  covered  by  ancient  dune  sand  or  by  large 
landslides  the  coal  seams  were  exposed  or  could 
be  uncovered  for  mining  by  the  removal  of  a  thin 
mantle  of  debris  and  slope  wash.  Conversely  it  is 
a  safe  assumption  that  no  mines  once  operated  by 
the  Indians  are  now  covered  by  dune  sand. 

QUALITY  OF  COAL 

Though  coal  is  abundant  in  the  Hopi  Country, 
its  quality  is  poor  when  judged  by  modem  stand¬ 
ards.  Coal  seams  always  contain  impurities,  either 
in  the  form  of  lenses  or  layers  of  carbonaceous 
shale,  known  as  bone,  or  in  the  form  of  impurities 
in  the  coal  itself  which  will  not  bum,  usually  re¬ 
ferred  to  as  ash.  The  Black  Mesa  coal  seams  usu¬ 
ally  contain  much  bone,  and  the  coal  between  the 
layers  of  bone  has  a  high  ash  content.  Further¬ 
more  the  coal  usually  contains  sulfur  which  makes 
the  burning  of  it  in  an  open  fire  rather  unpleasant. 

The  coal  seams  are  not  uniform  from  place  to 
place  in  any  of  their  characteristics.  In  general, 
the  coal  may  be  classed  as  subbituminous.  Expo¬ 
sure  of  the  coal  to  the  air,  however,  decreases  its 
quality  after  a  time,  and  it  is  thought  likely  that 
with  the  sporadic  mining  presumably  used  by  the 
primitive  miners  of  the  region,  an  unweathered 
coal  face  was  rarely  exposed.  Such  exposure 
would  certainly  have  resulted  in  considerable  loss. 
Three  samples  of  the  coal  seams  of  the  north  wall 
of  the  Jeddito  Valley  were  collected  in  the  locali¬ 
ties  of  the  ancient  mines.  In  making  these  samples 
the  amount  of  bone  in  the  coal  seam  was  meas¬ 
ured,  and  then  it  was  discarded.  The  samples  were 
not  of  fresh  coal,  but  of  more  or  less  weathered 
coal,  probably  typical  of  the  coal  actually  burned 
by  the  Indians.12 

Large  seam  near  Jeddito  Trading  Post:  This  coal 
seam  is  about  6  feet  thick.  It  contained  where 
measured  about  40  percent  bone,  distributed  in 
the  seam  as  follows,  from  top  to  bottom: 

11  Hack,  1942,  p.  39. 

12 1  he  3  samples  were  very  generously  analyzed  by  the 
U.  S.  Bureau  of  Mines. 
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An  analysis  of  the  coal  of  this  seam  shows  that  it 
can  be  classed  as  a  lignite: 
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Lower  seam  at  Awatovi:  This  seam  was  the  one 
principally  used  by  the  inhabitants  of  Awatovi 
both  for  firing  their  pottery  and  as  fuel  in  their 
towns.  It  is  1  foot  6  inches  thick  where  measured, 
and  contains  a  layer  of  bone  in  the  middle  4  inches 
thick.  The  coal  of  this  seam  is  classed  as  subbitu¬ 
minous. 
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Upper  seam  at  Awatovi:  This  seam  is  8  inches 
thick,  and  contains  no  bone,  where  sampled.  It  is 
also  of  subbituminous  grade.  It  was  apparently 
used  mostly  for  firing  pottery. 

Analysis  3 
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Though  the  coal  of  the  region  is  of  poor  qual¬ 
ity,  it  makes  an  economical  fuel  for  use  in  the 
U.  S.  Government  buildings,  and  it  has  come  to 
be  used  by  the  modem  Hopi  and  Navajo  Indians 
to  some  extent,  who  now  operate  many  small 
mines  in  the  region.  Furthermore,  were  it  not  for 
the  fact  that  the  Black  Mesa  coal  field  is  so  far 
from  a  large  market  for  coal  it  might  be  mined 
commercially.  At  Gallup,  New  Mexico,  coal  is 
mined  from  the  Mesaverde  formation,  and  its 
quality  is  little  different  from  that  of  the  Black 
Mesa  coal.  Comparing  the  two,  Campbell  and 
Gregory  say:13 

l)  Campbell  and  Gregory,  1909,  p.  238. 
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USES  OF  COAL 


In  physical  appearance  the  Black  Mesa  coal  appears  to 
be  somewhat  superior  to  the  Gallup  coal.  Joints  are  more 
highly  developed  in  the  Black  Mesa  coal  and  it  will  prob¬ 
ably  withstand  the  action  of  the  weather  better  than  the 
Gallup  coal.  It  evidently  belongs  on  or  about  the  dividing 
line  between  bituminous  and  subbiruminous  coal,  but  the 
higher  percentage  of  ash  would  doubtless  be  a  drawback  if 
the  coal  were  put  on  the  market. 

The  Gallup  coal  field  is  on  the  Santa  Fe  Rail¬ 
road,  but  the  Black  Mesa  coal  is  over  70  miles  by 
road  from  the  nearest  railroad  or  large  white  set¬ 
tlement.  Thus  it  is  likely  that  it  will  be  used  only 
locally  for  some  time  to  come.  As  a  fuel  it  is  eco¬ 
nomical  because  of  its  abundance  and  not  because 
of  its  quality,  and  this  was  probably  as  true  in 
prehistoric  time  as  it  is  now. 

USES  OF  COAL 

Use  in  Ruins 

In  the  course  of  the  excavation  of  the  site  of 
Awatovi  many  fire  pits  in  houses  and  kivas  have 
been  uncovered  which  contain  coal  ash.  Further¬ 
more  the  waste  material,  or  the  fill  of  the  ruins, 
which  consists  of  broken  stones,  ashes,  sand,  and 
trash  of  all  kinds,  contains  a  large  amount  of  coal 
ash  throughout  much  of  the  ruin  of  Awatovi,  and 
coal  ash  has  been  seen  in  the  fill  of  many  other 
ruins  in  the  Hopi  Country  of  Pueblo  III,  IV, and 
V  age.  The  quantity  of  the  ash  suggests  that  it 
was  used  extensively.  Coal  ash  was  found  in  fire- 
pits  in  the  kivas  (subterranean  ceremonial  cham¬ 
bers)  and  in  firepits  and  crude  stone  “stoves” 
both  inside  and  outside  the  houses.  It  was  not  used 
exclusively,  however,  as  wood  ash  is  also  com¬ 
mon.  In  Pueblo  IV  kivas  two  firepits  are  always 
found,  one  containing  coal  ash,  the  other  wood 
ash.  The  flagstone  floors  of  these  kivas  were  often 
laid  upon  a  bed  of  coal  ash  and  clinkers. 

Ash  Heaps 

Numerous  heaps  of  coal  ash  are  found  along  the 
benches  of  the  north  wall  of  the  Jeddito  Valley, 
close  to  the  coal  seams.  The  typical  ash  heap  is 
about  10  feet  in  diameter,  about  3  feet  high,  and 
roughly  conical  in  shape.  It  is  composed  of  buff 
colored,  fluffy  coal  ash,  with  many  fragments  of 
white  or  reddish  burned  bone  and  shale.  Pottery 
fragments  lie  scattered  throughout  the  heap, 
many  of  which  are  hard,  reddened,  and  obviously 
improperly  fired.  Erosion  has  removed  the  fluffy 
ash  from  the  surface  of  the  heap,  leaving  a  hard 
resistant  cover  of  shale,  bone  and  pottery  firag- 
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ments.  It  is  only  by  digging  through  the  surface 
that  the  fine  coal  ash  is  exposed. 

A  large  ash  heap  near  Jeddito  Trading  Post  was 
excavated  (see  fig.  4).  Near  the  top  of  the  heap  a 
nest  of  miniature  undecorated  pots  was  found, 
completely  fired,  but  left  in  place  and  surrounded 
by  coal  ash,  and  slabs  of  burned  shale.  This  find 
proves  conclusively  that  the  ash  heaps  are  the 
remains  of  pottery  firing  places.  Further  excava¬ 
tion  in  the  ash  heap  disclosed  many  large  slabs  of 
reddened  sandstone  and  burned  shale  which  were 
probably  used  during  the  firing  to  hold  the  pottery 
or  to  control  the  draught.  Also  several  lenses  of 
wood  charcoal,  and  burned  corncobs  were  found. 
These  materials  were  probably  used  in  kindling 
the  coal  fires.  The  presence  of  several  such  lenses 
of  residues  from  kindling,  as  well  as  the  stratifica¬ 
tion  of  the  coal  ash  prove  that  the  heap  was  built 
up  gradually  and  was  the  result  of  not  one  but 
many  firings  in  the  same  place. 

The  ash  heaps  in  the  Jeddito  Valley  are  dis¬ 
tributed  along  the  benches  of  the  cliff  close  to  the 
coal  seams.  Clay  beds  also  crop  out  on  the  benches, 
and  it  is  probable  that  the  pottery  was  made  and 
fired  near  the  necessary  coal  and  clay  rather  than 
in  the  towns  as  is  now  the  custom.  Ash  heaps  are 
probably  more  abundant  near  the  large  Jeddito 
Valley  ruins  than  in  other  places  along  the  valley 
wall,  but  they  are  found  wherever  the  benches 
on  the  cliff  are  not  covered  with  dune  sand  of  pre- 
mining  age.  It  is  probable  that  the  location  of  ash 
heaps  is  controlled  as  much  by  the  accessibility 
of  the  coal  as  by  the  distance  from  the  ruins. 

Bartlett  believes  that  the  use  of  coal  for  firing 
pottery  was  the  most  important  factor  in  the 
change  in  pottery  types  from  Black-on-white  to 
Black-on-yellow.14  This  hypothesis  is  supported 
by  the  fact  that  no  Black-on-white  or  earlier 
sherds  were  found  on  any  of  the  ash  heaps  ex¬ 
amined  in  the  Jeddito  Valley  region.  Collections 
were  made  from  over  30  ash  heaps.  Pueblo  IV 
types  of  sherds  arc  abundant  in  and  around  all  of 
the  ash  heaps. 

Period  of  Use  of  Coal 

It  has  been  shown  that  coal  was  used  exten¬ 
sively  both  as  fuel  in  the  towns  and  as  fuel  for 
firing  pottery.  Its  earliest  use  for  firing  pottery 
seems  from  the  evidence  available  now,  to  have 
been  early  in  Pueblo  IV  time.  Its  use  in  the  vil¬ 
lages,  however,  antedates  this.  Throughout  Pueblo 
III  and  IV  time,  it  was  used  extensively  for 

14  Bartlett,  1935,  pp.  41—14. 
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heating  and  cooking  in  the  houses  and  kivas 
and  continued  to  be  used  in  Pueblo  V  or  Spanish 
time  as  we  know  from  the  ash  in  the  fill  of  that 
period,  as  well  as  from  the  mention  of  its  use  by 
a  Spanish  priest  (see  page  xi).  But  its  use  became 
less  general  sometime  during  the  seventeenth, 
eighteenth  or  nineteenth  century.  The  Hopis  use 
coal  at  the  present  time  but  have  been  taught  to 
use  it  by  the  U.  S.  Government  employes  of  the 
Indian  service.  The  Hopi  workers  who  assisted  in 
the  excavation  of  the  ancient  mines  seemed  to  lack 
completely  any  knowledge  of  the  manner  of  oc¬ 
currence  of  coal,  and  the  large  areas  of  mining 
waste  apparently  meant  nothing  to  them.  Modem 
Hopi  pottery  is  fired  with  sheep  dung  and  wood. 

MINING  TECHNIQUE 

In  modem  coal  mining  several  techniques  are 
used  in  obtaining  coal  from  flat-lying  rocks,  in 
coal  fields  similar  to  those  of  the  Hopi  country. 
One  of  the  most  obvious  mining  techniques  is  the 
simple  one  of  quarrying,  or  open  pit  mining,  in 
which  the  overburden  above  the  coal  is  removed 
and  the  coal  is  then  taken  out.  This  method  is 
commonly  called  strip  mining  as  the  overburden 
is  “stripped  off.”  It  is  used  when  the  overburden 
is  thin  enough  so  that  it  is  cheaper  to  remove  it 
than  to  undermine  and  support  the  roof.  In  modem 
mining  of  flat-lying  coal  beds,  strip  mines  in 
favorable  places  yield  very  cheap  coal,  but  under¬ 
ground  methods  are  the  usual  technique. 

There  are  two  general  types  of  underground 
methods.  The  first  is  known  as  the  room  and 
pillar  method.  In  this  method  a  shaft  is  sunk 
through  the  overburden  to  the  coal  seam,  or  a 
tunnel  is  driven  into  the  coal  where  it  crops  out 
on  a  hillside.  The  coal  is  then  taken  out  through  a 
permanent  way  or  tunnel,  supported  by  pillars  of 
coal  on  either  side,  which  are  of  sufficient  size 
to  support  the  roof.  From  this  tunnel,  secondary 
drifts  are  cut  and  rooms  excavated.  Bodies  of  coal, 
or  pillars,  are  left  between  the  rooms  to  support 
the  roof. 

The  second  type  is  known  as  the  longwall 
method.  In  this  technique  the  coal  is  completely 
mined  from  a  continuous  face  or  breast  extended 
from  the  main  or  a  branch,  access  tunnel  which 
provides  entry  from  the  shaft  or  outcrop.  No 
pillars  are  left  and  the  roof  is  allowed  to  cave  as 
mining  progresses  with  only  enough  support  pro¬ 
vided  by  timber  props  or  pack  walls  to  keep  space 
open  for  actual  mining  and  the  removal  of  coal. 

1  he  pack  walls  in  modem  mining  usually  con- 


THE  JEDDITO  VALLEY,  ARIZONA 

sist  of  waste  rock,  taken  out  in  the  mining  opera¬ 
tion  and  piled  up  so  as  to  form  a  support  for  the 
roof,  and  to  prevent  its  collapse  at  the  face  where 
the  miners  are  working  and  also  along  the  access 
tunnels.  The  packing  material  is  usually  known 
as  “gob.”  The  partial  caving  of  the  roof  which 
takes  place  at  the  mining  face  as  the  coal  is  re¬ 
moved  aids  the  miner,  as  the  pressure  of  the  roof 
causes  the  coal  to  spall  off. 

Thus  it  may  be  said  that  three  main  types  of 
mining  are  in  use  today  for  removing  coal  from 
essentially  flat-lying  rocks.  The  first,  and  simplest 
of  them  is  open  pit,  or  strip  mining.  In  many 
places  it  is  considered  that  one  foot  of  overburden 
can  be  profitably  removed  by  hand  for  each  foot 
of  coal  obtained.  By  the  use  of  power  shovels  or 
hydraulic  methods,  thicker  overburden  can  be 
taken  off.  When  the  overburden  is  thick  in  pro¬ 
portion  to  the  coal  seam,  one  of  the  underground 
types  of  mining  is  usually  cheaper. 

The  inhabitants  of  the  Jeddito  Valley  used  a 
primitive  form  of  strip  mining,  and  it  can  be 
shown  in  two  places  that  they  also  resorted  to 
underground  mining,  and  used  primitive  forms  of 
both  the  longwall  and  possibly  the  room  and 
pillar  methods. 

In  the  Jeddito  Valley  the  coal  seams  crop  out 
along  the  cliff,  usually  on  a  wide  bench.  The  most 
common  situation  is  that  the  coal  seam  is  overlain 
by  soft  sandstone,  and  underlain  by  shale.  The  coal 
seam  ordinarily  crops  out  but  is  covered  by  debris 
of  its  own  weathering  and  by  sand  and  rock  frag¬ 
ments  washed  down  from  the  slope  above.  The 
first  operation  in  the  primitive  form  of  strip  min¬ 
ing  which  was  used  here  is  to  clear  the  coal  seam 
by  removing  the  weathered  coal  and  the  slope 
debris.  This  waste  is  piled  behind  the  miner. 
Following  this  operation  the  coal  face,  now  ex¬ 
posed,  is  broken  up  and  the  coal  removed.  This 
is  most  easily  done  by  removing  it  in  benches.  The 
first  or  uppermost  layer  of  coal  is  picked  out  or 
hammered  out  down  to  a  layer  of  bone,  producing 
a  bench  floored  by  bone.  Then  the  bone  flooring 
the  bench  is  removed  and  discarded.  The  coal 
below  this  layer  of  bone,  and  above  the  next  layer 
of  bone  is  then  removed,  and  so  on.  Thus  the  coal 
face  is  wrorked  back  in  a  series  of  benches,  each 
one  floored  by  bone.  The  bone  is  piled  in  heaps 
behind  the  miner.  The  miner  continually  works 
in  an  open  trench  with  piles  of  waste  behind  him 
and  the  coal  and  rock  face  in  front  of  him.  As 
mining  continues  the  overburden  of  sandstone 
becomes  increasingly  thicker.  This  must  be  ex- 
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Fig.  3.  Ideal  section  of  a  typical  Hopi  strip  mine. 


cavated  and  discarded  with  the  bone,  so  that  as 
operations  continue  the  debris  piles  behind  the 
miner  contain  more  and  more  sandstone  frag¬ 
ments.  Finally  as  the  overburden  becomes  very 
thick  the  amount  of  waste  increases  greatly,  the 
debris  piles  become  much  larger,  and  the  propor¬ 
tion  of  sandstone  fragments  to  bone  becomes 
larger. 

The  result  of  this  operation  is  to  strip  the  coal 
and  sandstone  from  the  underlying  shale,  leaving 
a  flat  area  of  shale  overlain  by  mining  waste,  the 
proportion  of  sandstone  to  bone  in  the  waste  in¬ 
creasing  toward  the  cliff.  An  ideal  cross  section 
of  such  a  mine  is  shown  in  fig.  3. 

The  limit  of  mining  by  such  a  method  is 
reached  when  the  cost  of  removing  the  over¬ 
burden  exceeds  the  value  of  the  coal.  As  the 
ancient  Hopis  had  no  accounting  system  they 
must  have  reached  a  decision  on  this  point  by 
some  other  means.  After  a  strip  mine  is  aban¬ 
doned,  the  debris  piles  will  be  partially  eroded, 
and  the  open  trench  at  the  coal  face  will  be  filled 
in  with  slope  wash.  This  type  of  mine  is  ex¬ 
tremely  common  along  the  north  rim  of  the 
Jeddito  Valley.  In  many  places  areas  of  flat  shale 
may  be  seen  just  below  the  coal  horizon.  Also 
around  the  largest  mines  the  outlines  of  the  great 
debris  piles  may  still  be  seen.  But  most  commonly 
the  mines  are  covered  with  slope  wash,  and  the 
outlines  are  so  modified  that  they  can  be  com¬ 
pletely  verified  only  by  excavation. 

Below  the  ruin  of  Awatovi  a  primitive  form  of 
the  longwall  technique  was  found,  in  which  the 
mining  was  carried  in  under  the  thick  overburden 
of  sandstone  at  the  back  of  a  strip  mine.  The  over¬ 
burden  was  held  up  by  gob  packed  in  behind  the 
miner.  The  details  of  this  mine  will  be  described 
in  a  later  section  (page  16)).  This  technique  was 
probably  resorted  to  because  it  seemed  easier  to 
the  miners  to  undermine  the  overburden,  and 
take  the  risk  of  being  trapped  under  it,  than  to 
remove  it;  and  for  some  reason  it  must  have  been 
less  laborious  than  starting  a  new  strip  mine. 


Colton  has  described  ancient  mines  on  Second 
Mesa,  which  appear  to  be  of  the  room  and  pillar 
type.16  They  consist  of  small  irregular  rooms  cut 
out  of  the  coal  seam,  but  no  such  mines  were 
found  in  the  Jeddito  Valley. 

Ancient  mines  were  studied  in  two  localities, 
one  near  Jeddito  Trading  Post,  and  one  near 
Awatovi  (localities  B  and  A,  fig.  2).  From  a 
description  of  these  mines  it  is  possible  to  show 
that  the  methods  of  mining  outlined  above  were 
followed  and  that  the  strip  mining  technique  was 
the  one  most  commonly  used. 

JEDDITO  MINING  AREA 
Introduction 

The  Jeddito  mining  area  is  near  Jeddito  Trad¬ 
ing  Post  where  ash  heaps  are  abundant,  and 
where  there  is  evidence  of  the  removal  of  con¬ 
siderable  amounts  of  coal.  The  coal  in  this  region 
occurs  in  one  large  seam,  about  6  feet  thick,  which 
is  underlain  by  dark  gray  to  black  shale  and  is 
overlain  by  soft  sandstone.  In  most  places  the 
coal  is  covered  by  slope  wash  and  mining  waste 
and  now  crops  out  in  only  a  few  places.  The  coal 
is  of  slightly  poorer  quality  than  the  coal  near 
Awatovi,  and  is  probably  a  lignite.  It  contains 
many  layers  of  bone,  and  a  high  percentage  of  ash. 

About  30  ash  heaps,  all  of  Pueblo  IV  age,  and 
some  of  them  very  large,  were  counted  in  this 
area  at  situations  close  to  the  altitude  of  the  coal 
seam.  Nearby  are  several  small  ruins  occupied 
during  Pueblo  IV  time,  including  Pink  Arrow, 
and  Nesuftonga.  A  larger  ruin,  Kokopnyama,  is 
less  than  a  mile  away,  and  it  is  possible  that  the 
inhabitants  of  all  these  ruins  used  the  Jeddito 
Mining  area. 

Excavations 

One  of  the  largest  of  the  ash  heaps  was  trenched 
(see  also  page  11),  and  after  finding  mining  waste 

16  Colton,  1936. 
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Fig.  4.  Map  of  excavations  in  the  Jeddito  mining  area. 


beneath  the  ashes,  it  was  decided  to  trench  the 
fill  between  the  ash  heap  and  the  hillside.  The 
first  trench  was  run  in  a  northwesterly  direction, 
at  right  angles  to  the  local  slope  of  the  hill  (fig.  4) . 
At  a  depth  of  about  2  meters  (6.5  feet)  below  the 
surface,  a  layer  of  carbonaceous  shale  was  en¬ 


countered.  The  material  above  the  shale  was 
loose  mining  waste  containing  many  fragments 
of  sandstone  and  here  and  there  a  potsherd.  The 
trench  was  extended  for  a  distance  of  10  meters 
(32.8  feet)  toward  the  hill  slope.  In  the  bottom 
of  the  trench  and  at  a  uniform  elevation  carbona- 
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ceous  shale  was  exposed.  As  the  trench  advanced 
sandstone  blocks  became  more  numerous  and 
larger,  so  that  the  expense  of  trenching  became 
too  great,  and  this  trench  was  abandoned  (B, 
in  fig.  4).  Two  shorter  trenches  were  then  dug 
at  right  angles  to  it.  These  trenches  encountered 
a  bench  of  coal  above  the  carbonaceous  shale. 
Finally  a  separate  trench  was  dug  farther  south 
(E,  fig.  4) ,  which  encountered  the  whole  coal  face. 

A  plan  of  the  trenches  is  shown  in  fig.  4.  In 
trench  E  several  benches  in  the  coal  seam,  each 
one  floored  by  bone,  are  exposed.  The  whole 
seam  was  encountered  in  this  trench.  In  trenches 
C  and  D,  only  part  of  the  coal  seam,  the  lowest 
bench  is  exposed.  The  main  trench  (B),  is  floored 
by  carbonaceous  shale,  underlying  the  coal.  1  he 
line  along  which  stripping  began  is  defined  by 
the  outer  edge  of  the  carbonaceous  shale,  in 
trenches  E  and  B.  The  line  which  marks  the  top 
of  the  coal,  or  the  end  of  stripping  may  be  located 
at  the  end  of  trench  E.  The  position  of  this  line 
in  the  area  north  of  E  must  be  estimated,  as  the 
other  trenches  were  not  carried  far  enough  to 
encounter  the  whole  coal  face.  Elowever,  this 
estimation  can  be  easily  made.  A  hard  sandstone 
ledge  crops  out  on  the  hillside  as  shown  in  fig.  4. 
Stripping  must  have  ended  at  the  ledge.  Numerous 
blocks  of  the  sandstone  have  slumped  down  the 
hillside  and  now  rest  on  the  surface  debris.  Pre¬ 
sumably  these  blocks  have  slumped  since  the 
mining.  Thus  the  original  ledge  at  the  time  of  the 
mining  ended  can  be  reconstructed  by  fitting  the 
blocks  back  into  place,  and  this  line  is  the  limit 
of  strip  mining.  Thus  at  this  locality  the  limits 
of  mining  are  known  with  fair  accuracy,  and 
also  the  thickness  of  the  coal  seam,  so  that  the 
amount  of  coal  removed  can  be  estimated. 

The  excavations  prove  the  existence  of  strip 
mining,  as  the  underlying  shale,  excavated  to  a 
flat  surface,  is  covered  with  mining  waste  and 
slope  wash,  whose  artificial  character  and  Pueblo 
IV  date  are  proved  by  potsherds  contained  in  it. 
Also  the  trench  exposes  the  coal  seam  with  the 
benches  left  by  the  miners.  One  wonders  why 
the  wide  benches  of  coal  exposed  in  trenches  C 
and  D  were  not  removed.  Perhaps  during  the 
mining  they  were  carelessly  or  accidentally 
covered  with  debris,  and  once  covered  the  ancient 
miners  forgot  or  did  not  bother  to  clear  them.  The 
stratification  of  the  debris  as  exposed  in  the  walls 
of  the  trenches  suggests  that  the  debris  consists 
of  a  complex  of  small  individual  piles,  modified 
by  erosion  and  covered  with  slope  wash.  This 


evidence  supports  the  presumption  that  mining 
was  sporadic.  The  miners  returning  to  their 
excavations  after  a  period  of  absence  might  easily 
forget  that  small  bodies  of  coal  were  left  un¬ 
excavated  by  the  previous  operation. 

A  section  of  the  main  trench  is  shown  in  fig.  5. 
The  debris  under  the  ash  heap  (D),  contained 
almost  no  coal  fragments,  but  was  composed  of 
22  percent  sandstone  and  78  percent  shale  and 
bone.  The  debris  west  of  the  ash  heap  (F)  con¬ 
tained  80  percent  sandstone  fragments  and  only 
20  percent  shale  and  bone.  Some  coal  fragments 
were  present  here  also.  The  fragments  of  sand¬ 
stone  in  F  were  small  with  the  exception  of  a  few 
very  large  boulders.  At  C,  however,  large  boul¬ 
ders  were  dominant.  Thus  as  stripping  began  the 
debris  was  mostly  shale  and  bone.  As  stripping 
continued  the  sandstone  overburden  was  en¬ 
countered  and  made  up  most  of  the  debris.  The 
ash  heap  A  is  located  on  top  of  debris,  and  pre¬ 
sumably  firing  began  a  short  time  after  the  first 
removal  of  coal.  The  ash  heap  was  then  built  up 
as  stripping  proceeded.  It  seems  possible  that  the 
mine  was  operated  largely  to  supply  coal  for 
firing  the  pottery. 

Had  the  main  trench  been  continued  far  enough 
one  would  have  expected  to  find  in  front  of  the 
coal  face  an  area  where  the  open  trench  had  been 
filled  with  slope  wash.  The  slope  of  the  lines  of 
stratification  of  the  debris  toward  the  hill  at  point 
C  indicate  that  this  open  space  was  being  neared 
when  trenching  was  discontinued. 

The  excavations  show  clearly  that  in  a  general 
way  the  technique  of  strip  mining  previously  out¬ 
lined  was  followed.  The  coal  was  removed  in 
benches,  probably  for  the  purpose  of  separating 
coal  from  bone,  and  the  miner  worked  in  an  open 
trench  with  the  rock  face  in  front  of  him,  and 
piles  of  mining  waste  behind  him.  The  waste 
became  coarser  and  contained  a  higher  percentage 
of  sandstone  fragments  as  mining  progressed. 

Tools 

Potsherds  were  found  scattered  throughout  the 
mining  waste.  In  excavating  the  trenches  shown 
in  fig.  34,  111  sherds  were  removed,  not  counting 
the  sherds  found  in  the  ash  heap.16  1  wenty-three 
of  them  were  re-used  sherds,  that  is  they  showed 
evidence  of  having  been  used  as  scraping  tools. 
At  the  end  of  the  main  trench,  resting  on  top  of 

18  Two  hundred  and  seventy-five  sherds  were  removed 
from  the  portion  of  the  ash  heap  trenched,  but  only  12 
showed  evidence  of  having  been  used. 
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Fig.  5.  Section  of  main  trench  X-Y  in  the  Jeddito  mining  area.  C — coarse  waste,  F — fine  debris  or  waste,  mostly  of  sand¬ 
stone  fragments,  D — waste  mostly  of  bone  and  shale,  A — ashes,  S — slope  wash. 
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the  shale  a  hammerstone  was  found,  of  heavy, 
quartzitic  sandstone.  It  was  probably  used  in 
breaking  up  overlying  rock,  or  in  breaking  up 
the  coal.  Potsherds  may  have  been  used  at  the 
coal  face  in  prying  coal  loose  by  working  along 
its  prominent  vertical  joints. 

Amount  of  Coal  Mined 

In  the  area  shown  in  fig.  4,  which  is  only  a 
small  part  of  the  Jeddito  mining  area,  about  2000 
cubic  feet  of  coal  were  removed.  In  this  estimate 
allowance  is  made  for  the  discarded  bone.  The 
volume  of  the  ash  heap  is  about  300  cubic  feet  or 
about  one  sixth  of  the  volume  of  the  coal  which 
has  been  removed.  As  this  coal  seam  has  a  high 
ash  content  it  is  a  safe  assumption  that  nearly  all 
the  coal  mined  at  this  place  was  burned  on  the 
ash  heap.  However,  a  brief  survey  of  the  whole 
Jeddito  Mining  area  indicates  that  the  total 
amount  of  coal  mined  was  probably  many  tons 
in  excess  of  the  amount  needed  to  supply  the  ash 
heaps. 

AWATOVI  MINING  AREA 
Occurrence  of  Coal 

Many  large  areas  on  the  bench  below  Awatovi 
are  covered  with  piles  of  mining  waste  some  as 


high  as  30  feet,  and  it  is  obvious  that  these  are 
old  mines.  On  this  bench  two  coal  seams  crop  out. 
The  upper  seam  which  is  about  8  inches  thick 
crops  out  in  many  places  along  the  cliff  which 
forms  the  upper  boundary  of  the  bench.  This  seam 
apparently  contains  iron  as  an  impurity  in  the 
coal,  so  that  the  weathered  outcrop  is  usually 
rusty  brown  in  color,  and  on  burning,  the  coal 
produces  a  bright  red  ash.  The  lower  seam  is  1^ 
feet  thick.  In  most  places  it  is  covered  by  slope 
wash,  mining  debris,  and  dune  sand,  and  crops 
out  only  at  one  locality  near  the  western  end  of 
the  mining  area.  Burning  of  this  coal  produces  a 
white  ash.  Both  seams  are  of  sub-bituminous 
grade,  as  shown  by  the  analyses  on  page  5.  The 
upper  seam  is  overlain  by  hard  sandstone,  and 
underlain  by  shale.  The  lower  seam  is  overlain  by 
soft  sandstone  and  underlain  by  an  easily  recog¬ 
nized  purplish  gray  shale. 

Ash  Heaps 

There  are  many  ash  heaps  on  the  bench  below 
Awatovi.  The  map,  fig.  8,  shows  85  heaps  of  the 
two  types,  red  and  white.  The  red  ash  heaps  are 
located  near  the  upper  seam,  which  bums  to  a 
red  ash,  and  the  white  ones  are  located  near  the 
lower  seam.  Several  areas  of  dune  sand  of  pre¬ 
mining  age  are  also  shown  on  fig.  8.  These  cover 
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the  lower  seam,  but  in  most  places  do  not  extend 
high  enough  to  cover  the  upper  seam.  Thus  ash 
heaps  of  the  red  type  are  found  all  along  the  cliff 
to  the  end  of  Antelope  Mesa.  Although  the  white 
ash  heaps  are  much  more  numerous  than  the  red 
ones  they  are  confined  to  the  smaller  areas  not 
covered  by  dune  sand.  The  area  shown  in  fig.  8 
has  the  greatest  concentration  of  ash  heaps,  near 
Awatovi,  but  farther  east  there  are  other  large 
concentrations  of  ash  heaps  and  heaps  of  mining 
waste. 

The  Mines 

The  mines  at  Awatovi  are  probably  the  largest 
in  the  Jeddito  Valley  region.  A  generalized  cross 


piles  of  mining  waste  became  so  high  that  the  coal 
face  of  the  lower  seam  is  now  buried  to  a  great 
depth  in  most  places.  In  the  western  part  of  the 
mining  area  the  lower  seam  does  crop  out  in  a 
small  arroyo  in  the  area  of  the  detailed  map  (see 
fig.  8).  Elsewhere  it  is  buried  by  mining  waste, 
so  that  the  northern  limit  of  stripping  must  be 
estimated. 

Fig.  8  shows  two  boundaries  for  the  strip  mines 
of  the  lower  seam,  a  maximum  and  a  minimum. 
The  ash  heaps  are  built  on  piles  of  debris 
which  in  some  cases  are  known  to  be  piles  of 
mining  waste;  others  may  be  shale  beds  covered 
with  loose  slope  debris.  It  is  possible  to  determine 
the  exact  limit  of  stripping  only  by  excavating, 


Projected  position 
of  rum 


section  of  the  cliff  in  this  area  is  reproduced  in 
fig.  7,  and  shows  the  relation  of  the  two  coal 
seams,  the  ash  heaps,  and  the  mining  waste,  to  the 
topography  and  to  the  rocks  that  form  the  cliff. 
The  succession  of  sandstones  and  shales  is  some¬ 
what  generalized  and  applies  best  to  the  western 
part  of  the  area  shown  in  the  map  of  fig.  8.  Much 
coal  was  taken  out  in  this  area  as  shown  by  the 
large  areas  of  stripped  shale  overlain  by  mining 
waste.  The  piles  of  waste  are,  however,  incon¬ 
spicuous  as  they  are  in  many  places  eroded  and 
covered  with  slope  wash. 

The  ground  plan  of  the  strip  mines  can  be 
roughly  determined  by  mapping  the  southern 
edge  of  the  areas  of  stripped  shale,  which  crops 
out  beneath  the  mining  waste,  or  is  exposed  where 
the  mining  waste  has  been  eroded.  1  his  edge 
marks  the  line  of  beginning  of  stripping.  The  line 
of  the  end  of  stripping  is  of  course  buried  by 
slope  wash,  and  in  the  Awatovi  mining  area  the 


the  expense  of  which  is  prohibitive,  for  in  many 
places  trenches  20  to  30  feet  deep  would  be  neces¬ 
sary.  However,  in  places  arroyos  cut  back  into 
the  high  piles  of  debris  north  of  the  line  of  ash 
heaps  and  have  uncovered  mining  waste  in  their 
walls.  Thus  probably  most  of  the  lower  white 
ash  heaps  were  built  on  high  piles  of  mining  waste 
as  indicated  in  the  section,  fig.  7.  Other  heaps 
may  have  existed  which,  as  mining  proceeded, 
were  buried  by  mining  waste  and  cannot  now  be 
seen. 

There  is  only  one  large  stripped  area  at  the 
level  of  the  upper  coal  seam.  Red  ash  heaps, 
however,  occur  near  the  upper  seam  where  there 
is  now  no  evidence  of  stripping.  These  places  are 
designated  by  the  letter  A,  fig.  8.  As  each  ash 
heap  requires  only  about  5  or  10  tons  of  coal, 
and  as  this  amount  could  be  removed  from  the 
upper  seam  along  a  considerable  breadth  of  out¬ 
crop  without  leaving  any  evidence  of  the  removal 
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Fig.  9.  Sketch  map  of  western  portion  of  Awatovi  mining  area,  showing  areas  of  stripping, 

and  the  location  of  undermined  area. 


of  coal,  it  appears  that  some  mining,  as  in  this 
case,  was  carried  on  without  any  systematic 
method.  It  was  merely  gouged  out  of  the  coal 
outcrop  or  sorted  out  of  the  slope  wash.  Further¬ 
more  at  these  places  the  slope  on  w'hich  the  coal 
crops  out  is  so  steep  that  stripping  would  be 
impossible  because  of  the  thickness  of  the  over¬ 
burden. 

In  the  western  part  of  the  mining  area,  in  the 
area  of  the  detailed  map,  showm  in  fig.  9,  the 
exact  limits  of  stripping  have  been  determined. 
Here  an  arroyo  has  cut  down  through  the  mining 
waste  to  a  level  below  the  coal  horizon.  T  he 


southern  limit  of  the  strip  mine  is  defined  by  the 
edge  of  a  flat  area  underlain  by  the  purplish  shale 
which  is  the  recognizable  horizon  below  the  coal. 
The  northern  limit  of  stripping  can  be  clearly  seen 
at  points  D,  E,  and  F,  where  the  coal  face  is  ex¬ 
posed  in  the  arroyo  banks.  At  H,  and  all  along 
the  eastern  banks  of  the  arroyos,  in  this  region, 
the  purplish  shale  underlies  high  piles  of  mining 
w’aste.  At  G,  the  contact  between  the  coal  face 
and  the  mining  waste  is  covered  with  slope  wash 
so  that  the  exact  northern  limit  of  stripping  can¬ 
not  be  determined. 

From  D  to  C  coal  lies  directly  on  shale,  and  is 
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Fig.  10.  Section  across  arroyo  and  along  trench  (A,  fig.  9).  C — sand-filled  cracks  in  sandstone, 
A — slab  of  hard  sandstone,  used  as  prop,  S — waterlaid  sand. 


overlain  by  sandstone.  From  B  to  C,  however, 
where  the  coal  should  crop  out,  only  mining  waste 
occurs  between  the  sandstone  and  shale.  In  many 
places  in  this  outcrop  blocks  of  sandstone  are 
piled  in  like  bricks,  as  though  to  hold  up  the  sand¬ 
stone  overburden.  Modern  miners  pack  in  waste 
under  a  roof  in  this  fashion  and  call  it  “gob.” 

From  point  B  to  C  it  is  obvious  that  stripping 
was  discontinued,  the  sandstone  ledge  was  under¬ 
mined,  and  gob  was  packed  in  to  prevent  caving. 
In  order  to  ascertain  the  extent  of  undermining  a 
trench  was  dug  at  point  A.  As  shown  in  fig.  10, 
the  floor  of  the  trench  was  cut  into  the  shale 
beneath  the  coal  horizon,  and  the  direction  of  the 
trench  was  as  nearly  the  direction  of  the  steepest 
slope  of  the  hill  as  possible. 

The  first  two  meters  (6.5  feet)  disclosed 
numerous  sand-filled  cracks  in  the  sandstone  (C, 
fig.  10),  suggesting  settling  and  cracking  of  the 
rock  after  removal  of  the  coal.  Beneath  the  sand¬ 
stone,  gob  consisting  of  sandstone,  clay,  and  bone, 
was  found.  About  2  meters  from  the  arroyo,  a 
hard  sandstone  slab  was  encountered  (A).  It  was 
propped  up  against  a  collapsed  portion  of  the 
overburden,  and  rested  on  gob.  The  slab  is  com¬ 
posed  of  very  hard  sandstone,  differing  from  the 
soft  sandstone  forming  the  overburden.  It  was 
undoubtedly  brought  in  from  outside  and  used  as 
a  prop  to  prevent  complete  collapse  of  the  roof. 
Between  the  slab  and  the  coal  face  only  a  small 
amount  of  gob  lay  on  the  shale  floor.  Most  of  the 
fill  from  the  slab  to  the  coal  face,  2  meters  (6.5 
feet) ,  was  waterlaid  sand  and  clay.  This  material 


must  have  washed  in  after  mining  stopped.  It  is 
evident  that  an  open  working  space  existed  at  the 
coal  face. 

The  open  space,  indicated  in  the  trench,  fig.  10, 
may  also  be  seen  at  C,  fig.  9,  where  the  coal  face 
is  exposed  in  the  western  bank  of  the  arroyo.  Here 
for  about  2  meters  south  of  the  coal  face  the  fill 
between  the  floor  and  the  roof  is  waterlaid  sand. 

A  very  interesting  feature  of  this  mine  is  the 
concave  surface  of  the  coal  face.  Both  in  the 
trench  and  in  the  arroyo  bank  (point  C)  the  coal 
face  is  concave  (see  plate  Va).  This  concave  sur¬ 
face  must  have  been  caused  by  spalling  off  of  the 
coal  due  to  the  pressure  of  the  overburden. 

In  the  section,  fig.  10,  the  original  floor  of  the 
arroyo  is  showmas  having  been  level  with  the  bot¬ 
tom  of  the  coal  seam.  It  is  obvious  that  the  limit 
of  strip  mining  determined  the  course  of  the  ar¬ 
royo,  and  that  at  the  time  stripping  ended  the  floor 
of  the  arroyo  was  level  with  the  floor  of  the  strip 
mine.  As  outlined  on  page  (15)  the  inner  bound¬ 
ary  of  a  strip  mine  always  consisted  of  an  open 
trench  which  was  later  usually  filled  in  with  slope 
wash.  In  this  case  the  open  trench  determined  the 
course  of  an  arroyo,  and  it  is  this  arroyo  which 
has  supplied  the  sand  and  clay  for  the  filling  of 
the  open  spaces  in  the  undermined  area. 

Thus  during  the  mining  period  when  the  miners 
found  that  the  overburden  was  becoming  too  thick 
to  be  easily  removed,  they  undermined  the  sand¬ 
stone  ledge.  When  they  had  taken  out  so  much 
coal  that  there  was  danger  of  collapse  of  the  roof, 
they  propped  it  up  with  gob.  Thereafter  in  work- 
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ing  the  mine,  the  miner  must  have  lain  prone  in 
an  open  tunnel  parallel  to  the  coal  face.  As  he 
advanced  the  face  he  packed  gob  behind  him.  One 
of  the  advantages  in  this  system  is  common  to  all 
longwall  systems  in  that  the  pressure  of  the  over- 
lying  rock  caused  the  coal  to  spall  off  and  thus 
it  was  more  easily  removed.  This  dangerous  min¬ 
ing  technique,  probably  would  not  have  been  un¬ 
dertaken  had  not  the  coal  easily  available  by  strip¬ 
ping  been  exhausted.  In  this  undermined  area,  it  is 
estimated  that  only  9,600  square  feet  were  mined 
and  about  300  tons  of  coal  obtained.  How  far 
under  the  ledge  the  primitive  miners  might  have 
carried  their  mine  is  problematical.  In  the  locality 
of  (A)  the  distance  was  only  4  meters  (13.1  feet) 
but  without  the  use  of  timbers  and  with  discon¬ 
tinuous  operations  even  this  mine  must  have  been 
highly  dangerous. 

Amount  of  Coal  Mined 

Knowing  the  thickness  of  the  coal  seams  and 
the  outlines  of  the  areas  stripped  as  shown  in  the 
map,  fig.  8,  it  is  possible  to  estimate  roughly  the 
amount  of  coal  mined.  Considering  first  the  lower 
coal  seam,  a  minimum  figure  is  about  18  acre- 
feet,  and  a  maximum  figure  is  about  22  acre-feet. 
As  22  percent  of  this  coal  seam  is  bone,  which 
was  probably  discarded,  these  figures  are  reduced 
to  14  and  17  acre- feet  of  coal.  From  the  upper 
seam  probably  less  than  1  acre-foot  of  coal  was 
removed.  Assuming  that  the  coal  has  a  specific 
gravity  of  about  1.3,  a  minimum  of  27,000  and  a 
maximum  of  33,000  tons  of  coal  were  removed. 

The  average  ash  heap  probably  has  a  volume  of 
from  50  to  100  cubic  feet  and  required  to  produce 
it  only  2  or  3  tons  of  coal.  To  produce  all  the 
ash  heaps  in  the  Awatovi  mining  area,  only  250 
to  300  tons  of  coal,  or  less  than  10  percent  of  the 
total  amount  mined,  would  be  necessary.  As  only 
the  coal  used  for  firing  pottery  was  burned  on 
the  ash  heaps  near  the  coal  seams  we  can  safely 
say  that  most  of  the  coal  was  carried  up  to  the 
ruin  and  burned  there. 

CONCLUSIONS 

Although  a  careful  study  was  made  of  only 
two  mining  areas,  the  one  near  Awatovi  and  the 
one  near  Jeddito  1  rading  Post,  there  is  evidence 
of  mining  activity  all  along  the  north  rim  of  the 
Jeddito  Valley  from  the  end  of  Antelope  Mesa 
to  Kokopnyama  and  Lululongturque,  except  at 
the  widely  separated  areas  where  the  rim  is 
buried  by  dune  sand  of  pre-mining  age.  I  his  evi¬ 


dence  is  most  prominently  displayed  in  the 
numerous  ash  heaps,  but  stripped  areas  and  heaps 
of  mining  waste  can  usually  be  found  nearby. 
The  Awatovi  mining  area  is  certainly  the  largest 
and  appears  to  have  been  the  most  actively  worked 
area. 

Kawaika-a,  Chakpahu,  and  Kokopnyama,  are 
ruins  comparable  in  size  to  Awatovi  and  contain 
coal  ash  in  their  fill.  If  27,000  tons  of  coal  was 
burned  at  Awatovi,  it  is  likely  that  a  total  of  at 
least  40,000  tons  was  burned  in  these  three  other 
ruins.  If  the  large  number  of  small  sites  in  which 
coal  was  burned  are  considered,  it  seems  certain 
that  at  least  100,000  tons  of  coal  was  burned  in 
the  Jeddito  Valley  region  in  prehistoric  time. 

Ash  heaps  have  been  seen  on  the  mesa  edges 
near  all  the  Hopi  towns  located  on  First,  Second, 
and  Third  Mesas,  and  it  is  probable  that  the 
activity  in  those  regions  was  comparable  to  that 
in  the  Jeddito  Valley.  No  prehistoric  coal  mines 
have  been  recorded  in  other  areas  in  the  United 
States,  but  there  is  a  possibility  that  mines  may  be 
found  at  other  localities  in  the  Southwest  where 
ruins  of  Pueblo  III  and  IV  age  lie  close  to  coal 
beds  and  where  the  wood  supply  may  not  have 
been  too  abundant. 

Aboriginal  mines  in  search  of  materials  other 
than  coal  have  been  described  in  many  parts  of  the 
United  States.  In  central  and  eastern  United 
States  there  is  evidence  that  iron  (as  a  paint  ma¬ 
terial),  flint,  copper,  pipestone,  and  soapstone 
were  mined.  In  the  Southwest,  salt,  turquoise, 
and  chert  were  quarried  or  mined.  A  bibliography 
of  papers  on  prehistoric  mining  which,  however, 
makes  no  pretense  of  being  complete,  is  included 
at  the  end  of  this  report. 

The  techniques  used  to  obtain  such  materials 
as  copper  and  turquoise  were  generally  more  ad¬ 
vanced  or  more  difficult  than  the  techniques  used 
to  obtain  coal  in  the  Hopi  country.  The  mining 
of  both  copper  and  turquoise  required  the  removal 
of  large  volumes  of  waste  rock  which  was  fre¬ 
quently  so  hard  as  to  force  the  use  of  heat  to 
break  up  the  rock  face.  Large  as  the  waste  excava¬ 
tion  was  it  is  very  unlikely  that  the  total  volume 
removed  was  as  large  as  the  necessitated  in  the 
mining  of  coal  by  the  Hopis  in  late  Pueblo  time 
because  of  the  extensiveness  of  the  latter  opera¬ 
tions. 

The  great  amount  of  coal  mined  by  the  I  lopis 
at  Awatovi  implies  that  it  was  of  considerable 
importance  to  the  inhabitants.  Assuming  that 
only  27,000  tons  of  coal  were  mined  at  Awatovi, 
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during  a  period  of  300  years  (coal  was  used  most 
extensively  at  Awatovi  during  Pueblo  IV  time), 
the  daily  output  would  be  about  450  pounds. 
With  the  primitive  methods  used  in  mining,  this 
implies  great  activity  when  it  is  remembered  that 
Awatovi  probably  had  a  population  of  only  a  few 
hundred  persons  at  one  time.  The  use  of  so  large 
a  quantity  implies  that  coal  must  have  largely, 
if  not  almost  entirely  supplanted  wood  as  fuel. 
Coal,  to  the  prehistoric  Hopis  became  in  the  1 3th 
to  17th  centuries,  and  perhaps  even  earlier,  an 
important  natural  resource. 

There  is  no  evidence  as  to  why  coal  came  to  be 
used  as  fuel.  The  Jeddito  V alley  lies  in  the  border 
zone  between  the  desert  scrub  type  of  vegetation 
to  the  southwest,  and  the  pinon-juniper  forest  to 
the  north  and  east.  It  may  be  that  coal  was  dis¬ 
covered  accidentally  (which  is  easy  to  imagine  since 
it  crops  out  so  widely  near  the  ruins)  and  was  used 
when  the  forest  border  was  pushed  back  from  the 
villages  by  cutting,  or  when  it  retreated  because 
of  climatic  change.  It  may,  however,  have  been 
easier  to  use  coal  than  to  cut  wood  with  the  primi¬ 
tive  stone  axes,  then  in  use,  even  though  the  burn¬ 


ing  of  coal  must  have  been  somewhat  unpleasant. 

The  reason  for  the  abandonment  of  coal  as  fuel 
is  also  a  puzzling  problem.  During  Spanish  time 
wood  came  to  be  used  again  as  a  fuel  in  the  houses, 
and  sheep  dung  as  a  fuel  for  firing  pottery.  Several 
explanations  might  be  given  to  account  for  this 
change.  It  may  be  that  wood  was  again  used  be¬ 
cause  the  supply  of  coal  easily  available  by  strip¬ 
ping  became  exhausted.  That  this  may  actually 
have  been  the  case  at  Awatovi  is  suggested  by  the 
dangerous  undermining  that  was  resorted  to  in 
the  western  end  of  the  mining  area.  More  im¬ 
portant  than  this  factor  is  perhaps  the  change  in 
culture  resulting  from  contact  with  the  Spaniards. 
After  their  entry  into  the  country  the  Indians 
could  obtain  sheep,  burros,  carts,  and  iron  tools. 
With  iron  axes  and  beasts  of  burden  the  gathering 
of  wood  became  much  less  laborious,  and  the  area 
around  the  towns  from  which  wood  could  be 
gathered  without  excess  labor  was  greatly  in¬ 
creased.  It  may  have  been  a  combination  of  this 
cultural  factor  with  the  factor  of  the  dwindling 
of  the  easily-mined  supply  that  brought  about  the 
abandonment  of  coal. 
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PREFACE 


THE  fourth  report  in  the  Awatovi  Scries 
deals  with  the  large  number  of  animal 
bones  uncovered  by  the  Peabody  Museum 
during  five  seasons  of  excavation  in  prehistoric 
and  17th-century  levels  at  various  ruined 
Indian  pueblos  on  Antelope  Mesa  in  the  I  lopi 
country'  of  northeastern  Arizona.  Expeditions 
were  in  the  field  for  five  years,  1935-1939, 
working  at  sites  which  range  in  time  from 
some  point  in  the  7th  century  A.D.  to  1700. 
In  terms  of  the  Pecos  Classification  of  South¬ 
western  cultures  the  periods  covered  extended 
continuously  from  Basket  Maker  111  through 
the  early  part  of  Pueblo  V.  A  summary  of 
the  results  of  the  field  work,  the  scheme  of 
publication,  and  acknowledgments  to  the 
many  persons  and  institutions  who  have 
assisted  us  so  greatly  will  be  found  in  the  pre¬ 
face  to  the  first  report  in  the  Awatovi  Series: 
“The  Changing  Physical  Environment  of  the 
Hopi  Indians  of  Arizonia,”  Papers  of  the  Pea¬ 
body  Museum  of  American  Archaeology  and 
Ethnology,  Harvard  University,  vol.  XXXV, 
no.  1,  1942,  pages  v-x. 

The  members  of  the  Mammal  Department 
at  the  Museum  of  Comparative  Zoology,  Har¬ 
vard,  have  done  a  prodigious  amount  of  work 
on  the  animal  bones  from  this  expedition  and 
from  many  others  which  the  Peabody  Museum 
has  dumped  upon  them.  Most  of  these  collec¬ 
tions  are  large  and  the  Awatovi  sample  ran  high 
into  the  hundreds  of  thousands  of  individual 
items.  The  situation  called  into  being  by  the 
arrival  of  such  a  stupendous  mass  of  material, 
much  of  it  fragmentary,  in  the  laboratory  of 
a  mammalogist  is  obviously  critical.  I  he 
amount  of  time,  alone,  necessary  for  the  hand¬ 
ling  and  study  of  the  collection  is  an  unfair 
drain  upon  a  busy  scientist.  That  this  is  true 
is  particularly  brought  home  to  us  when  we 
realize  that  there  is  very  little,  sometimes 
nothing,  in  a  given  collection  which  is  of  in¬ 
terest  to  the  zoologist.  Especially  is  this  the 
case  with  most  of  the  material  from  American 
excavations.  In  the  Old  World,  archaeologists 
deal  extensively  in  sites  which  produce  fossil 


and  extinct  types  of  animals.  Old  World 
archaeology  also  contains  the  history  of  the 
development  of  our  strains  of  domestic  animals 
from  the  very  dawn  of  domestication.  In  the 
New  World,  however,  where  few  of  our  sites 
producing  large  collections  of  bones  antedate 
the  beginning  of  the  Christian  Era  and  where 
domestic  animals  appear  only  with  the  Spanish, 
the  English,  and  the  French,  these  factors  of 
interest  to  the  mammalogist  do  not  exist.  The 
position  is  cogently  stated  by  Miss  Lawrence 
on  page  9,  below. 

The  archaeologist,  however,  wishes  to  know 
what  animals  w  ere  utilized  by  the  inhabitants 
of  his  sites.  Obviously',  some  bones  must 
always  be  sent  to  expert  zoologists.  The 
great  mass  of  them,  however,  can  be  identified 
by  the  archaeologist  himself  or,  if  he  is  suffici¬ 
ently  fortunate  in  his  staff,  by  a  graduate  stu¬ 
dent  as  Miss  Lawrence  points  out. 

This  is  by  no  means  a  new  idea.  Professor 
George  Brainerd  of  the  University  of  Cali¬ 
fornia  at  Los  Angeles  has  for  years  preached 
and  practised  this  doctrine.  Professor  Hooton 
inaugurated  training  along  these  lines  for 
graduate  students  in  anthropology  many  years 
ago  but  the  proximity  of  the  zoological  labora¬ 
tories  plus  Glover  Allen’s  avid  search  for  all 
possible  evidence  of  Indian  dogs  rendered  the 
attempt  abortive.  The  unparalleled  expansion 
of  American  archaeology  during  the  last  two 
decades,  however,  is  forcing  us  to  find  a  solu¬ 
tion  superior  to  present  practice. 

Consequently,  instead  of  incorporating  the 
general  report  on  Awatovi  mammals  in  one  of 
the  forthcoming  papers  in  the  series,  we  pre¬ 
sent  it  herewith  accompanied  by  some  explicit 
practical  suggestions  and  diagrams  by  the  aid 
of  which,  and  a  skeleton  of  each  of  the  animals 
involved,  the  archaeologist  can  identify  the 
great  bulk  of  the  bones  he  finds. 

The  painstaking  and  time-consuming  study 
of  our  Awatovi  bones,  which  has  extended 
over  a  great  many  years,  does  not  show  at  all 
in  this  report  except  to  the  discerning  eye  of 
the  trained  mammalogist.  I  he  identification 
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and  listing  of  animals  from  thousands  of 
stratigraphic  levels  in  hundreds  of  excavated 
rooms  will  be  concealed  in  subsequent  reports 
where  occasionally  at  the  borderland  of  history 
we  are  able  to  attribute  a  room,  or  the  section 
of  a  building;,  to  historic  or  prehistoric  times 


by  the  presence  or  absence  of  domestic  animals 
among  the  bones  found  in  it. 

Peabody  Museum,  Cambridge 
November,  1951 

J.  O.  Brew 
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Part  I 

MAMMALS  FOUND  AT  THE  AWATOVI  SITE 


G EX E R A L  DISC USS I O N 


DEN  I  IFICA'I  ION  of  mammal  remains 
from  the  Awatovi  site  was  begun  some  years 
ago  bv  Dr.  Glover  M.  Allen.  Since  his  death 
the  author  has  completed  the  work  going  over 
some  four  hundred  different  lots,  ranging  in 
size  from  a  few  to  hundreds  of  fragments  each. 
The  principal  aim  was  to  determine  which 
were  the  important  food  species  and  how  early 
domestic  animals  occurred. 

As  would  be  expected,  deer  and  pronghorn 
were  both  extensively  used  before  the  intro¬ 
duction  of  domestic  animals.  There  is  no  evi¬ 
dence  that  cither  was  preferred;  the  selection 
probably  depended  upon  local  abundance 
from  time  to  time.  Cranial  fragments  are 
relatively  scarce,  suggesting  that  the  animals 
were  brought  from  a  distance  and  at  least 
partly  butchered  where  killed.  The  long  bones 
are  always  much  broken,  usually  in  a  rather 
haphazard  fashion  as  if  in  an  effort  to  extract 
the  marrow.  In  some  instances,  especially  with 
the  metapodials,  obvious  attempts  have  been 
made  to  split  the  bones  lengthwise,  possibly 
to  obtain  usable  fragments. 

Although  deer  and  pronghorn  remains  be¬ 
come  far  less  numerous  with  the  appearance 
of  sheep-goat,  there  are  relatively  few  lots 
from  which  they  are  entirely  absent.  The 
sheep-goat  remains  are  of  animals  of  varying 
proportions  and  do  not,  as  might  be  expected, 
fall  into  two  definite  categories.  Probably  a 
rather  slender-legged  form  was  a  goat  and  a 
larger,  more  massive  animal,  a  sheep,  though 
only  horn  cores  and  occasional  cranial  frag¬ 
ments  have  been  definitely  identified  as  one  or 
the  other.  Many  young  individuals  were  used. 
Jaw  and  skull  fragments  are  numerous.  The 
crania  arc  usually  broken  open,  and  the  skulls 
often  look  as  if  the  horn  cores  had  been  delib¬ 
erately  removed.  The  scarcity  of  cow  and  pig 
remains  indicates  that  they  certainly  were  not 
common  food  animals.  Horse  bones  are  also 
scarce.  No  positively  identifiable  bison  frag¬ 
ments  were  found  though  a  very  few  of  the 
large  bovids  arc  very  possibly  bison  rather 
than  cow.  Mountain-sheep  remains  are  also 
few;  probably  no  very  serious  efforts  were 
made  to  hunt  them. 


Or  the  smaller,  potential  food  animals,  jack 
rabbit  and  cottontail  were  extensively  used. 
.Most  of  the  lots  include  remains,  often  very 
numerous,  of  either  one  or  the  other.  Occa¬ 
sional  bones  of  prairie  dog  and  porcupine  sug¬ 
gest  that  these  may  have  been  eaten  but  there 
is  no  ev  idence  that  the  large  and  presumably 
palatable  wood  rats  were. 

Large  carnivores  are  almost  entirely  absent, 
mountain  lion  is  very  scarce,  wolf  doubtfully 
present,  and  the  only  bear  found  was  an  iso¬ 
lated  lot  of  terminal  or  ungual  phalanges. 
Bobcat  and  badger  on  the  other  hand,  though 
not  numerous,  occur  often  enough  to  suggest 
that  they  were  deliberately  hunted,  partic¬ 
ularly  the  former  which  was  found  in  over  a 
fifth  of  the  lots.  A  few  long  bones  of  one 
young  individual  are  apparently  those  of  a 
domestic  cat.  I  he  rather  numerous  canid 
remains  are  discussed  in  detail  below. 

Meat  must  have  been  boiled  rather  than 
roasted  as  only  five  charred  fragments  were 
found  and  these  arc  not  of  edible  parts  of  the 
usual  food  animals.  One,  the  shaft  of  a  lynx 
femur,  was  cut  and  somewhat  polished. 

No  count  has  been  made  of  identifiable 
fragments.  I  he  bones  of  the  large  animals  are 
so  much  broken  that  such  figures  would  be 
very  misleading.  Further,  there  is  no  way  of 
telling  how  long  it  took  a  given  lot  to  accu¬ 
mulate.  In  general,  the  greater  the  number  of 
fragments  in  a  given  lor,  the  greater  the  va¬ 
riety  of  forms  represented. 

MAMMALS  I  DEN  Till  ED 

Carnivora 

Wolf  ( Canis  / ;t /via,  probably  yourtgi) 

Covotc  (CV./'/o  nin jus,  probably  estor ) 

Dog  (Cams  feniiliaris) 

Scott’s  grav  fox  ( Urocyon  cincreoargenreus  scottii ) 
Kit  fox  (Vilifies  macrotis  subsp.) 

Bcrlandicr’s  badger  (Taxidca  tarns  berlandieri) 
Small  mustclid,  probably  a  weasel  or  little  sported 
skunk 

Puma  (helis  concolor,  probably  hipfiolestes) 

Bailey’s  bobcat  (Lynx  ruftis  bailey i) 

Probably  domestic  cat  ( belts  lybiea  domestics 
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Rodentia 

Cottontail  rabbit  (Sylvilagus,  probably  auduboni 
icarreni ) 

Jack  rabbit  (Lepus,  probably  calif ornicus  texianus ) 
Yellow-haired  porcupine  ( Erethizon  epixanthum) 
Beaver  (Castor  canadensis,  probably  mexicanus) 
Prairie  dog  ( Cynomys ,  probably  gunnisoni  zuniensis) 
White-footed  mouse  ( Peromyscus  sp.) 

Pocket  gopher  ( Tbomomys  sp.) 


Aktiodactyla 

Deer  (O  do  coileus,  probably  hemiomis  subsp.) 
Pronghorn  antelope  ( Antilocapra  americana) 
Bighorn  sheep  (Ovis  canadensis  subsp.) 
Domestic  sheep  ( Ovis  aries) 

Domestic  goat  (Capra  hirca) 

Domestic  cattle  (Bos  taurus) 

Bison  (Bison  bison) 

Domestic  pig  (Sus  scrofa) 

Domestic  horse  (Eqtius  caballus) 


DISCUSSION  OF  CANID  REMAINS 
FROM  THE  SOUTHWEST 


Bones  of  a  small  coyote,  probably  Canis 
latrans  estor  and  those  of  domestic  dogs  are 
the  most  numerous  canid  remains.  Odd  bones 
of  an  occasional  gray  fox  ( Urocycm  cinereo- 
argejitcus  scottii)  occur,  those  of  the  kit  fox 
(Vulpes  viacrotis  subsp.)  are  even  scarcer.  A 
few  fragments  of  very  large  canids  arc  possibly 
wolf.  Although  the  remains  are  very  frag¬ 
mentary,  there  is  abundant  evidence  that  the 
common  dog  at  the  Awatovi  site  was  a  coyote- 
sized  animal,  probably  the  Plains  Indian  dog  of 
Dr.  Allen.1  The  similarity  in  size  and  propor¬ 
tions  between  this  and  the  small  coyote  of  the 
area  makes  it  extremely  difficult  to  tell  many 
of  the  fragments  apart.  Cranial  remains  of  the 
former  include  one  nearly  complete  skull, 
three  maxillary  fragments,  and  ten  rami.  No 
complete  skeletons  were  found,  and  few  of 
the  long  bones  can  be  definitely  associated 
with  each  other  or  with  cranial  fragments. 
Most  of  the  long  bones  are  broken  and 
scarcely  more  than  a  half  a  dozen  each  can  be 
positively  identified  as  dog.  A  second  breed, 
called  the  Small  Indian  dog  by  Dr.  Allen,2 
was  also  found.  One  nearly  complete  skull 
with  part  of  a  jaw,  as  well  as  three  maxillary 
fragments,  have  the  short,  slim  carnassial  and 
small  teeth  characteristic  of  this  form.  A  few 
rather  slender  limb  bones  about  the  length  of 
those  of  a  red  fox  probably  also  belong  to  this 
breed.  The  anterior  part  of  a  pair  of  jaws  and 
other  isolated  bones  of  a  very  large  animal,  of 
almost  wolf  size,  were  scattered  through  about 
a  dozen  lots. 

From  the  evidence  gathered  at  Awatovi, 
Pecos,  and  Pueblo  Bonito,  it  appears  that  the 
dogs  of  the  Pueblo  Indians  were  very  similar. 
At  all  three  sites  the  Plains  Ijidian  dog  with 
slight  local  variations  was  the  common  animal. 
The  form  from  Pecos  was  probably  the  largest 
with  higher,  more  inflated  frontals,  and  some¬ 
what  slimmer  premolars;  that  from  Awatovi 
is  characterized  by  the  coyote-like  slimness 
of  the  leg  bones.  From  Dr.  Allen’s  unpub- 

1  Allen,  1920,  p.  449. 

1  Allen,  1920,  p.  481. 


lished  report  on  the  Pueblo  Bonito  animals,  as 
well  as  a  study  of  some  of  the  material  exam¬ 
ined  by  him,  it  appears  that  these  dogs  aver¬ 
aged  slightly  smaller  with  relatively  heavier 
limb  bones  than  those  from  the  other  two 
sites.  A  few  rather  heavy  bones  from  the 
Snaketown  site  undoubtedly  belong  to  a  very 
similar  type  of  dog.  As  suggested  by  Dr.  Allen 
with  reference  to  the  Pueblo  Bonito  dogs,  it 
is  possible  that  some  of  these  remains  may 
belong  to  the  long-haired  Pueblo  dog  found 
at  Marsh  Pass  and  differing  in  coat  only  from 

w  J 

the  Plains  Indian  dog.3  Occasional  remains  of 
a  smaller  dog  with  a  slender  muzzle  and  more 
delicate  carnassial  are  evidence  that  the  dogs 
of  this  area  vary  too  much  to  be  all  considered 
one  breed.  This  smaller  Indian  dog  was  far 
less  common;  the  remains  from  Pecos  and 
Awatovi  are  few  and  none  were  found  at 
Pueblo  Bonito  or  Marsh  Pass.  No  short-nosed 
dogs  were  found  at  either  Awatovi  or  Pueblo 
Bonito.  The  mummy  described  by  Dr.  Allen 

J 

from  Marsh  Pass  and  a  pair  of  maxillae,  in  addi¬ 
tion  to  the  limb  bones  reported  by  him  from 
Pecos,  are  interesting  evidence  that  such  a 
dog,  though  scarce,  did  occur  in  this  area.  At 
all  three  sites  a  few  very  large  canid  remains 
suggest  wolf-dog  crosses.  The  above-men¬ 
tioned  long  bones  and  mandibular  fragments 
are  far  larger  than  any  of  the  other  dog  or 
coyote  remains;  some  equally  large  limb  bones 
were  found  at  Pecos.  The  very  big  teeth  and 
massive  skull  of  the  largest  of  the  Pueblo 
Bonito  skeletons  strongly  suggest  a  wolf 
cross,  although  the  limb  bones  are  scarcely 
longer  than  those  of  a  coyote. 

The  Basket  Maker  Indians  apparently  kept 
smaller  dogs.  The  largest  remains  from  Can¬ 
yon  del  Muerto,  La  Plata,  and  the  Governador 
are  of  an  animal  slightly  larger  than  the 
Small  Indian  dog  with  bigger  teeth  and  mod¬ 
erately  heavier  limb  bones.  Remains  of  a 
short-nosed  dog  were  fairly  common  at  the 
Governador,  as  were  those  of  a  slim-nosed  dog 

’Allen,  1920,  p.  456;  Guernsey  and  Kidder,  1921, 
p.  44. 
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called  Techichi  in  my  paper  on  the  dogs  from 
the  Governador.4  I  he  diversity  and  smaller 
size  of  the  dogs  from  these  earlier  Basket 
Maker  sites  may  account  for  the  occasional 
presence  of  both  a  small  and  a  short-nosed  dog 
in  the  Pueblo  sites.  As  pointed  out  in  the 
above-mentioned  paper,  both  the  Basket  Ma¬ 
ker  dog  and  the  Techichi  of  these  early  sites 
belong  to  the  Small  Indian  dog  group.  Some 
of  their  descendants  may  easily  have  survived 
and  bred  with  the  more  favored  larger  animals 
of  the  later  sites,  thus  accounting  for  the  wide¬ 
spread  but  relatively  infrequent  occurrence  of 
these  conspicuously  different  forms. 

Although  Dr.  Haag’s  recently  published 
osteomctric  analysis  of  Indian  dogs5  does  not 
discuss  in  detail  the  dogs  of  the  Southwest, 
the  implications  of  his  method  of  dealing  with 
the  material  are  important  enough  to  call  for 
some  comment.  In  order  to  work  his  material 
statistically,  he  has  grouped  it  geographically 
or  by  archaeological  horizon.  This,  unfortu¬ 
nately,  does  not  give  an  entirely  satisfactory 
picture  of  the  often  highly  individual  dog 
populations  of  the  various  sites  investigated. 

4  Lawrence,  1944,  p.  75. 
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A  general  evaluation  of  the  relationships  of 
Indian  dogs  must  start  with  an  understanding 
of  what  different  kinds  were  kept  and  in  what 
areas.  In  historic  times  certain  tribes  are 
known  to  have  kept  more  than  one  breed,  but 
we  still  lack  evidence  on  how  early  this  practice 
started  and  in  what  places.  For  this  reason,  it 
is  of  primary  importance  to  establish  the  abso¬ 
lute  homogeneity  of  any  dog  population  to  be 
treated  statistically;  where  extreme  differences 
occur  between  the  dogs  of  one  site,  it  is  impor¬ 
tant  in  addition  to  consider  whether  an  apparent 
homogeneity  might  not  be  caused  by  casual 
interbreeding  of  two  quite  different  strains. 
Dr.  Haag’s  use  of  the  apparently  not  entirely 
homogeneous  group  of  dogs  from  the  Ken¬ 
tucky  shell  heaps  as  a  basis  for  comparison 
with  his  admittedly  more  variable  Southwest¬ 
ern  dogs  contributes  little  to  a  real  understand¬ 
ing  of  the  dogs  from  either  area.  His  careful 
measurements  of  a  vast  number  of  individuals 
as  well  as  his  conclusion  that  the  earlier  dogs 
in  the  Southwest  are  smaller  than  the  later 
ones  are,  however,  most  interesting. 

5  Haag,  1948,  pp.  107-264,  figs.  1-16. 
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GENERAL  DISCUSSION 


LATELY  much  interest  has  centered  on 
archaeological  investigation  in  the  South¬ 
west,  and  increasingly  large  numbers  of  bone 
fragments  are  being  sent  for  identification  to 
the  various  larger  museums.  Usually,  the 
archaeologists  want  to  know  what  the  impor¬ 
tant  food  animals  were  at  the  various  sites,  how 
soon  Old-World  domestic  animals  appeared, 
and  how  early  they  were  extensively  used. 
From  a  mammalogist’s  point  of  view  the  time 
involved  in  making  the  vast  numbers  of  identi¬ 
fications  necessary  to  answer  these  questions 
is  in  no  way  commensurate  with  the  relatively 
small  interest  of  the  problems  themselves. 
Generally  speaking,  the  animals  utilized  for 
food  are  the  edible  ones  which  still  occur  in 
a  given  area.  Accounts  of  the  bringing  of 
sheep,  goats,  and  cattle  to  this  country  by  the 
early  Spanish  explorers  have  already  been  pub¬ 
lished,  and  the  periods  at  which  various  Indian 
tribes  began  to  depend  upon  them  is  of  more 
interest  to  an  archaeologist  than  to  a  mammal- 
ogist.  Such  fragments  as  might  prove  of  in¬ 
terest  to  the  mammalogist  are  usually  so  tre¬ 
mendously  outnumbered  by  the  vast  quantities 
of  utterly  dull  material,  that  competent  mam- 
malogists  are  often  reluctant  to  set  aside  their 
own  research  in  order  to  undertake  the  identi¬ 
fication  of  entire  lots,  and  archaeologists  are 
thus  frequently  obliged  to  wait  for  a  number  of 
years  before  getting  such  identifications.  The 
situation  is  not  satisfactory  and  it  is  the  hope 
of  expediting  matters  for  all  concerned  that 
has  encouraged  the  author  to  spend  consider¬ 
able  time  preparing  the  following  report. 

In  order  to  make  the  study  of  mammal 
bones  from  archeological  sites  as  worth¬ 
while  as  possible  for  both  the  mammal¬ 
ogist  and  the  archaeologist,  as  many  as  pos¬ 
sible  should  be  identified  before  the  expert  is 
called  in  and  great  care  should  be  taken  not 
to  throw  away  any  possibly  useful  or  interest¬ 
ing  material.  It  should  not  take  more  than  a 
very  few  weeks  for  a  worker  trained  in  any 
kind  of  observation  to  learn  to  make  a  great 
many  of  the  identifications  himself,  often 
graduate  students  could  be  called  upon  to  do 
the  work;  much  of  the  material  can  thus  be 


eliminated  while  such  things  as  are  too  difficult 
or  might  prove  of  mammalogical  interest  can 
be  given  to  an  expert  later. 

The  bone  fragments  in  question  fall  into 
three  categories,  all  of  which  should  be  treated 
somewhat  differently.  First  are  the  large 
canids,  and  these  should  all  be  saved.  Much 
work  still  needs  to  be  done  on  the  history  of 
domestication  of  dogs  by  the  Indians,  and  it 
is  often  extremely  difficult  to  tell  dogs  and 
coyotes  apart;  even  wolves  can  sometimes  be 
confusing.  Second  are  the  miscellaneous  frag¬ 
ments  representing  the  general  local  fauna.  In 
order  that  nothing  of  interest  be  thrown  away, 
the  worker  should  first  get  a  list  of  the  species 
at  present  occurring  in  the  area  and  anything 
not  on  the  list  should  be  kept.  For  instance, 
given  a  cat  skeleton  for  comparison,  the  hu¬ 
merus  of  a  cat  is  very  easy  to  identify;  in  an 
area  where  bobcats  are  known  to  occur  and 
mountain  lions  not,  bobcat-size  humeri  could 
be  thrown  away  but  very  large  cat  humeri 
should  be  kept.  As  a  further  check,  one  of  the 
large  museums  as  well  as  any  local  museum 
should  be  consulted  on  the  desirability  of  keep¬ 
ing  remains  of  any  special  animals.  Of  the 
forms  usually  found,  given  a  single  skeleton 
each  for  comparison,  hare,  rabbit,  badger,  cat, 
fox,  porcupine,  beaver,  and  other  perfectly 
distinct  medium-sized  mammals  arc  easy  to 
identify.  The  remains  are  usually  not  too 
fragmentary  and  the  skeletal  characters  ob¬ 
vious.  On  the  other  hand,  the  skeletons  of 
closely  related  forms  as  prairie  dogs  and 
ground  squirrels,  both  members  of  the  family 
Sciuridae,  are  very  similar  and  the  more  dis¬ 
tantly  related  wood  rat  might  also  be  con¬ 
fusing.  In  the  third  category  are  the  ungulates. 
Of  these,  horses  and  pigs  are  both  scarce  and 
easy  to  identify.  The  detailed  report  pre¬ 
sented  below  deals  with  the  other  forms.  As 
these  are  not  only  the  most  interesting  to 
archaeologists  but  are  also  usually  by  far  the 
most  numerous,  a  preliminary  sorting  of  them 
is  essential  if  the  material  is  to  be  handled 
swiftly  and  efficiently.  The  skeletons  of  all 
are  very  similar  and  their  identification  must 
be  accurate  if  it  is  to  have  any  value  whatso- 
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ever.  Except  for  differentiating  between  bison 
and  cow  and  between  the  two  large  species  of 
deer,  entire  long  bones  are  relatively  easy  to 
identify.  The  size,  the  shape  of  the  shaft  and 
its  relation  to  the  epiphyses,  the  muscle  scars, 
and  occasionally  the  positions  of  nutrient  fo¬ 
ramina,  in  addition  to  the  more  detailed  char¬ 
acters  discussed  below,  give  them  a  rather  char¬ 
acteristic  appearance.  Great  care  must  be 
taken  not  to  confuse  large  pronghorn  antelope 
with  small  deer,  or  mountain  sheep  with  deer, 
and  in  the  case  of  some  bones,  with  pronghorn 
antelope;  and.  most  important  from  the  point 
of  view  of  the  archaeologist,  sheep-goat  re¬ 
mains  with  either  small  pronghorn  or  possible 
the  Sonora  fantail  deer.  Small  Bison  and  large 
Bos  are  also  difficult  to  tell  part,  and  the 
species  of  deer  are  indistinguishable  unless 
their  size  difference  is  great. 

In  making  identifications,  the  use  of  skele¬ 
tons  for  comparison  is  essential  but  can  also 
be  misleading,  as  characters  which  appear  im¬ 
portant  when  only  two  bones  are  compared 
may  prove  of  no  value  when  checked  on  long 
series.  The  following  notes  and  outline 
sketches  have  been  prepared  not  to  take  the 
place  of  comparative  material  but  so  that 
workers  with  only  one  skeleton  of  each  genus 
can  tell  what  features  to  look  for  and  which 
are  the  most  diagnostic.  The  characters  used 
have  been  established  by  a  careful  comparison 
of  the  skeletons  of  three  domestic  goat  ( Capra 
hirca),  six  domestic  sheep  (Ovis  (tries) ,  four 
bighorn  sheep  (Ovis  canadensis ),  eleven 
pronghorn  antelope  ( Antilocapra  amcricana) . 
and  five  black-tailed  deer  (Odocoileus  hemi- 
onui).  In  addition,  the  deer  characters  were 
checked  on  two  white-tailed  deer  skeleton^ 

( Odocoileus  virgin  ianus  borealis ),  a  large 
form,  and  ( Odocoileus  virginianus  acapulcen- 
sis),  a  very  small  one.  The  usefulness  of  the 
characters  found  was  then  checked  on  the 
fragments  in  four  hundred  and  five  lots  of 
bones  from  the  Awatovi  site.  .Much  general 
description  and  many  technical  names  are 
omitted,  as  no  effort  has  been  made  to  write 
complete  osteological  accounts  of  the  forms 
discussed.  Where  a  few  differences  are  suf¬ 
ficiently  obvious  to  distinguish  a  certain  frag¬ 


ment,  other  characters  are  not  always  given; 
skull  and  jaw  fragments  are  relatively  easy  to 
identify  and  so  are  not  included.  Bones  which 
are  either  rare  or  too  difficult  to  tell  apart  have 
not  been  described.  In  particular,  ribs,  frag¬ 
ments  of  vertebrae  and  of  shafts  of  long  bones, 
as  well  as  some  of  the  smaller  wrist  or  carpal 
bones  and  ankle  or  tarsal  bones,  are  in  most 
cases  too  difficult  for  a  non-specialist  to  identify 
and  are  therefore  omitted.  A  few  general  notes 
on  the  shaft  as  a  whole  are  included.  When  dif¬ 
ferences  are  clear  enough  to  be  described  with 
reference  to  one  form,  examples  of  other 
genera  are  not  figured.  No  good  post-cranial 
skeletal  characters  separating  sheep  and  goat 
were  found  so  the  two  forms  are  hyphenated 
and  treated  as  one  throughout  the  text.  Even 
skull  fragments  are  often  hard  to  distinguish. 
Differences  between  breeds  show  up  as  differ¬ 
ences  in  relative  length  and  diameter  of  the 
various  bones,  but  the  epiphyseal  and  muscle 
scar  characters  discussed  below  are  the  same 
for  all  of  them.  .Mountain  sheep,  except  in  a 
very  few  instances,  may  be  identified  by  the 
same  characters  as  domestic  sheep-goat  and 
so  are  often  figured  instead  of  domestic  sheep. 

The  terminology  used  by  mammalogists 
varies  considerably,  sometimes  very  confus¬ 
ingly.  For  instance,  Mivart.  Flower,  Rey¬ 
nolds,  Sisson,  and  Flyman  all  use  different 
terms  in  describing  the  distal  end  of  the  hu¬ 
merus.  \\  here  Hvman1  has  described  the 
bones  in  sufficient  detail,  her  terminology  is 
used;  otherwise,  an  effort  has  been  made  to 
use  descriptive,  self-explanatory  terms. 

The  genera  described  all  belong  to  different 
families  but  the  great  similarity  between  their 
skeletons  is  extraordinary.  This  is  particularly 
true  of  the  actual  articular  surfaces;  variations 
in  the  length  of  the  bone,  the  angle  of  the 
epiphysis  and  of  the  shaft,  or  in  the  surfaces  for 
muscle  attachment,  are  often  far  easier  to  see. 
W  hen  joints  rather  than  individual  bones  are 
considered  as  a  unit,  it  is  generally  found  that 
articular  surfaces  which  oppose  each  other 
differ  in  a  similar  way  from  corresponding 
opposed  articular  surfaces  in  another  genus. 

I  his  is  most  obvious  in  the  areas  where  there 
is  least  motion,  as  the  distal  surface  of  the 


1  Hvman,  1923. 
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naviculo-cuboid  and  the  proximal  surface  of 
the  metatarsal,  or  the  line  between  radius  and 
ulna.  Breadth  of  condyle  on  the  distal  end  of 
the  femur  means  a  corresponding  breadth  on 
the  proximal  end  of  the  tibia,  though  differ¬ 
ences  in  actual  shape  of  the  articular  surfaces 
are  far  more  difficult  to  see.  Similarly,  in  the 
joint  between  the  radius  and  humerus  the 
depth  of  the  condvlar  grooves  of  the  humerus 


leads  to  a  corresponding,  though  difficult  to 
measure,  modification  of  the  end  of  the  radius. 
\\  hen  muscle  scars  are  used  as  kev  characters, 
it  is  important  to  remember  that  the  coarse¬ 
ness  of  the  ridges  and  general  prominence  of 
the  surface  are  age  or  sex  characters;  the 
generic,  and  for  our  purpose  significant,  char¬ 
acter  is  the  actual  shape  of  the  scar. 


DEER,  PRONGHORN,  AND  SHEEP-GOAT 

[  am  most  grateful  to  Dr.  Charles  P.  Lyman  for  his  painstaking  help 
in  checking  the  usefulness  of  the  characters  discussed  here. 

PELVIS 


THE  pelvis  is  too  easily  broken  to  be  often 
found  entire.  When  it  is,  the  sum  of  the 
differences  described  below'  make  the  various 
forms  very  easy  to  tell  apart.  The  commonest 
pelvic  fragments  are  acetabula  with  more  or 
less  of  the  surrounding  bone.  If  enough  of  the 
ilium  and  ischium  are  present,  their  angle  with 
each  other  and  the  position  of  the  acetabulum 
in  relation  to  them  easily  identifies  sheep-goat. 
The  relation  of  the  posterior  border  of  the 

Fig.  1. 


acetabulum  with  the  anterior  border  of  the 
obturator  foramen  distinguishes  pronghorn. 
The  deep  pit  anterior  to  the  acetabulum  is 
characteristic  of  deer.  Iliac  fragments  which 
include  the  superior  border,  sometimes  called 
the  tuber  sacrale,  are  characteristic  as  is  the 
posterior  part  of  the  ischium.  Pubic  fragments 
are  much  more  difficult  to  distinguish  as  their 
characters  overlap  to  a  considerable  degree. 


Pelvis. 


Odocoileus 

In  relation  to  the  acetabulum,  a, 
and  the  main  axis  of  the  anterior 
portion,  b,  of  the  ischium,  the 
shaft,  c,  of  the  ilium  tips  dorsally, 
so  that,  in  effect,  the  acetabulum 
and  the  inferior  border,  d,  of  the 
anterior  portion  of  the  ischium  are 
more  ventral  in  relation  to  the 
ilium. 

Shaft,  c,  of  the  ilium  flatter  in 
median  cross  section. 


Deep  notch,  k,  in  the  ilium  an¬ 
terior  to  the  acetabulum,  visible 
when  the  bone  is  seen  from  the 
side. 

Posterior  margin,  e,  of  acetab¬ 
ulum,  a,  only  partly  conceals  the 
anterior  margin,  f,  of  the  obturator 
foramen,  g,  when  the  bone  is  seen 
from  the  side. 

Superior  border,  h,  of  ilium  as 
drawn. 

Lateral  process,  i,  of  ischial  tu¬ 
berosity  shorter  and  blunter  with  a 
high  flattened  crest, ;,  superior  to  it. 


Antilocapra 
About  as  in  deer. 


About  as  in  deer. 


Notch,  k,  when  occasionally 
present  very  shallow  and  not  vis¬ 
ible  when  the  bone  is  seen  from 
the  side. 

Posterior  margin,  e,  of  acetab¬ 
ulum,  a,  conceals  anterior  margin, 
f,  of  obturator  foramen,  g,  in  this 
view. 

Superior  border,  h,  of  ilium  as 
drawn. 

Lateral  process,  i,  enormously 
developed,  crest,  j,  very  low. 


Ovis-Capra 

An  extension  of  the  main  axis  of 
the  shaft,  c,  of  the  ilium  lies  nearly 
parallel  to  that,  b,  of  the  anterior 
portion  of  the  ischium  and  both 
the  acetabulum,  a,  and  ischium  are 
set  more  dorsally  in  relation  to  the 
ilium. 


Shaft,  c,  of  the  ilium  rounder  in 
median  cross  section. 

A  combination  of  the  above 
characters  give  sheep-goat  frag¬ 
ments  a  very  distinct  and  char¬ 
acteristic  appearance. 

Notch,  k,  shallow,  visible  from 
the  side. 


About  as  in  deer. 


Superior  border,  h,  of  ilium  as 
drawn. 

Lateral  process,  i,  about  as  in 
deer,  but  lacking  the  crest  found 
in  deer. 
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Ooocoiuts  HEMIONUS 


FEMUR 


While  pronghorns  tend  to  have  the  shaft 
more  slender  in  proportion  to  the  epiphyses, 
female  deer  are  sometimes  of  almost  the  same 
proportions.  Domestic  sheep-goat  are  short 
and  have  the  shaft  heavier  in  proportion  to 
the  transverse  width  of  the  epiphyses.  The 
shape  of  the  muscle  scars  and  ridges  as  de- 

PROX1MAL  END 

The  proximal  end  of  the  femur  broken  just 
below  the  epiphysis  is  a  very  common  bone 
fragment  and  one  of  the  most  difficult  to 
identify.  Deer  and  pronghorn  may  be  told 
apart  chiefly  by  the  shape  of  the  great  tro- 


scribcd  below  are  more  characteristic,  further 
the  position  of  the  nutrient  foramen,  /,  is 
sometimes  diagnostic.  In  deer  it  is  usually  large, 
conspicuous,  and  more  proximal,  in  prong¬ 
horn  it  is  more  distal  and  frequently  very  in¬ 
conspicuous,  when  present  in  sheep-goat,  it  is 
in  about  the  same  position  as  in  deer. 

chanter  viewed  externally'  and  by  the  propor¬ 
tion  of  its  transverse  width  to  the  antero- 
postero  depth  of  the  shaft.  The  shape  of  the 
threat  trochanter  as  seen  from  in  front  dis¬ 
tinguishes  sheep-goat  from  these  two. 
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Proximal  End  of  Right  Femur. 


Ovis-Capra 
About  as  in  deer. 


Fig.  2. 

Odocoileus 

Trochanteric  ridge,  h,  generally 
slopes  more  anteriorly,  often  inter¬ 
rupted  by  an  angle,  i. 

An  angular  ridge  running  from 
the  postero-lateral  muscle  scar,  m, 
along  the  outer  side  of  the  back 
of  the  shaft  and  more  or  less  van¬ 
ishing  at  the  base  of  the  great 
trochanter. 

Lateral  surface  of  great  trochan¬ 
ter,  j,  narrower  antero-posteriorly 
from  a  to  b  in  proportion  to  its 
height  from  c  to  d  at  right  angles 
to  this  line. 


Maximum  latero-medial  width  of 
epiphysis  less  in  proportion  to 
depth  taken  at  right  angles  to  lesser 
trochanter,  g. 

Head,  k,  seen  in  end  view  more 
oval. 


Antilocapra 

Trochanteric  ridge,  h,  more 
nearly  in  line  with  the  shaft  and 
straighter. 

This  ridge  more  prominent  in 
bones  of  the  same  age  and  extend¬ 
ing  in  a  continuous  line,  f,  up  the 
back  of  the  great  trochanter,  and 
transversely  across  its  outer  face. 

Lateral  surface  of  great  trochan¬ 
ter,  j,  wider  from  a  to  b  in  propor¬ 
tion  to  its  height  from  c  to  d. 


Maximum  latero-medial  width  of 
epiphysis  greater  in  proportion  to 
depth  taken  at  right  angles  to  g. 

As  in  deer. 


Resembles  deer  with  the  ridge 
even  less  developed  proximally. 


Lateral  surface  of  great  trochan¬ 
ter,  j,  in  general  resembles  that  of 
deer. 


Great  trochanter,  j,  lacks  such  a 
constriction  and  seen  from  in  front 
is  much  thicker  at  the  base  relative 
to  its  height.  Shaft  tapers  much 
less  abruptly. 

Similar  to  deer. 


Head,  k,  seen  in  end  view 
rounder. 


Seen  from  in  front  a  constriction  or  neck  tends  to  form  at  the  base  of 
the  great  trochanter,  j.  This  character  readily  distinguishes  deer  and 
pronghorn  from  sheep-goat.  Shaft  tapers  more  abruptly  distal  to  epiphysis. 


Odocoileus  hemionus 


OviS  ARIES 


Hg.  2.  Proximal  End  of  Right  Femur. 


DEER,  PRONGHORN, 

DISTAL  END 

1  he  distal  end  of  the  femur  is  a  common 
fragment,  and,  if  enough  of  the  shaft  is  in¬ 
cluded  to  show  the  muscle  scars,  these  are 


AND  SHEEP-GOAT  is 

the  best  characters  separating  deer  and  prong¬ 
horn.  Mountain  sheep  and  deer  are  far  more 
difficult  to  distinguish. 


Fig.  3.  Distal  End  of  Right  Femur. 


Odocoileus 

The  lateral  condyle,  c,  is  larger 
in  proportion  to  the  medial,  d, 
with  a  more  conspicuous  pit,  i,  for 
muscle  attachment.  The  supra- 
condyloid  fossa,  is  relatively 
deeper. 

The  condyles,  c  and  d,  are  rela¬ 
tively  broad  (from  e  to  f  and  g  to 
h)  in  proportion  to  their  depth  at 
right  angles  to  their  width  and  in 
proportion  to  the  latero-medial 
width  of  the  supra-condyloid 
fossa,  ;. 


Antilocapra 

The  lateral  condyle,  c,  is  smaller 
in  proportion  to  the  medial,  d, 
with  a  less  conspicuous  pit,  i,  for 
muscle  attachment.  The  supra- 
condyloid  fossa,  j,  is  relatively 
shallower. 

I  he  condyles,  c  and  d,  are  rela¬ 
tively  narrower  and  the  supra- 
condyloid  fossa,  is  relatively 
wider. 


Ovis-Capra 

Not  significandy  different  from 
deer  in  these  respects. 


Not  significantly  different  from 
deer. 


Ridges  /  and  k  along  patella 
groove  more  diagonal  and  extend 
up  shaft  farther. 


Postero-lateral  area,  a,  for  muscle 
attachment  set  in  a  well-marked 
depression  which  is  separated  by  a 
convex  surface  from  a  medial 
roughened  muscle  scar,  b,  which  is 
not  raised  significantly  above  the 
surrounding  bone  surface. 


Intermediate  between  deer  and 
sheep-goat. 


Muscle  scar,  a,  not  forming  a  de- 
pression,  medial  muscle  scar,  b, 
forming  a  slightly  raised  tuberosity, 
the  two  separated  by  a  flat  or  con¬ 
cave  surface. 


Ridges  l  and  k  along  patella 
groove  more  vertical  and  lack  the 
well-marked  extension  up  the  shaft. 
This  is  particularly  helpful  in  dis¬ 
tinguishing  mountain  sheep  from 
deer. 

Muscle  scar,  a,  forming  a  slight 
depression,  muscle  scar,  b,  not 
raised,  area  between  approximately 
flat. 


Distal  End  of  Righ  i  Femur. 


Fig.  3. 


POST-CRANIAL  SKELETAL  CHARACTERS 

TIBIA 


Entire  tibiae  differ  somewhat  in  length  and 
relative  thickness  of  the  shaft;  the  characters 
of  the  proximal  end  are  more  easily  diagnostic 
than  those  of  the  distal.  Domestic  sheep-goat 
arc  short  and  they  as  well  as  mountain  sheep 
have  the  crest  low  with  the  anterior  border 
thick.  Pronghorn  are  generally  more  slender 
than  deer;  the  crest  is  higher  in  proportion  to 
the  length  and  distal  diameter  of  the  shaft  and 
has  a  very  thin  outwardly  turned  anterior 
margin.  Deer  and  mountain  sheep  are  some¬ 


times  very  difficult  to  tell  apart.  In  all  the 
specimens  examined,  the  nutrient  foramen  is 
more  distal  and  lateral  in  deer  and  not  visible 
when  the  shaft  is  seen  from  in  back,  whereas 
in  pronghorn  the  foramen,  m,  is  more  prox¬ 
imal  and  clearly  visible  when  the  shaft  is  seen 
from  in  back.  Sheep  are  somewhat  interme¬ 
diate  between  these  two,  the  position  of  the 
foramen  appears  to  be  more  variable  and  a 
few  individuals  are  quite  close  to  deer  in  this 
character. 


Fig.  4.  Proximal  End  of  Right  Tibia. 


Odocoileus 

Width  across  the  condyles,  front 
a  to  b,  almost  equal  to  depth  of 
epiphysis  from  c  to  d. 


Relative  to  the  poster o-me dial 
corner,  f,  of  the  inner  condyle,  g, 
the  postero-lateral  corner,  d,  of  the 
inner  condyle  and  the  postero¬ 
lateral  corner,  e,  of  the  outer  con¬ 
dyle,  h,  project  less  far  posteriorly. 

Vestige,  i,  of  fibula  minute  or 
absent. 


Ridges  on  posterior  side  of  shaft 
less  well-developed.  Shaft  less 
concave,  margin  at  /  more  rounded. 


Antilocapra 

Width  from  a  to  b  less  in  pro¬ 
portion  to  depth  from  c  to  d. 


Relative  to  f,  d,  and  e  project 
farther  posteriorly. 


Vestige,  i,  of  fibula  well-devel¬ 
oped  even  in  young  individuals, 
forming  a  slender  downward-pro¬ 
jecting  process,  whose  base  does 
not  conspicuously  widen  the  lat¬ 
eral  border  of  the  outer  condyle,  h. 

Ridges  at  j  and  k  better  devel¬ 
oped;  postero-lateral  margin  of 
the  bone,  /,  forming  a  sharper 
angle.  Area  between  the  ridges 
and  this  margin  more  concave. 


Ovis-Capra 

Width  from  a  to  b  about  equal 
to  or  greater  than  distance  from  c 
to  d.  This  is  a  conspicuous  dif¬ 
ference  easily  distinguishing  do¬ 
mestic  sheep-goat  from  small 
pronghorn. 

Relative  to  f,  projections  at  d 
and  e  about  as  in  deer  or  slightly 
more  prominent. 


In  mountain  sheep  vestige,  i,  of 
fibula  more  peg-shaped  and  much 
heavier  at  the  base  where  it  con¬ 
spicuously  increases  the  width  of 
this  part  of  the  bone.  Fibula  ves¬ 
tige  absent  in  all  domestic  sheep- 
goat  seen. 

Resembles  deer. 
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DEER,  PRONGHORN',  AND  SHEEP-GOAT 


PROXIMAL  END 

A  number  of  characters,  all  of  which  arc  not 
always  present  in  the  same  individual,  help  to 
separate  the  proximal  ends  of  the  tibia:  of  deer, 
pronghorn,  and  mountain  sheep.  If  some  of 
the  shaft  is  present,  the  more  concave  posterior 
surface,  better  developed  ridges,  and  sharp  ex¬ 
ternal  margin  help  distinguish  antelope  from 
deer  and  sheep-goat.  The  fibula  vestige  and 
proportion  of  width  to  depth  of  the  articular 
surface  differ  significantly  in  all  three,  though 
deer  and  mountain  sheep  approximate  each 
other. 


OdOCOILEUS  HEMIONUS  AvTIIOCAPRA  AMERICANA 


DISTAL  END 

Although  it  is  generally  possible  to  identify 
the  distal  ends  of  tibix  the  characters  distin¬ 
guishing  them  are  not  always  easy  to  see  and 
are  difficult  to  define.  Domestic  sheep-goat 
and  small  pronghorn  are  very  easily  confused. 
Deer  may  generally  be  told  from  sheep-goat 
and  pronghorn  bv  the  relative  position  of  the 
surfaces  for  articulation  with  the  fibula,  sheep- 
goat  are  distinguished  from  pronghorn  and 
deer  by  the  shape  of  the  articular  surface  of 
the  inner  malleolus,  antelope  may  generally 
be  told  from  sheep-goat  and  deer  by  the 
greater  depth  of  the  grooves  for  articulation 
with  the  astragalus,  and  in  all  of  them  the 
shape  of  the  muscle  scar  on  the  inner  malleolus 
is  characteristic. 


AnTILOCAPRA  AMERICANA  _ 

Ovis  CANADENSIS 


Fig.  4.  Proximal  End  ok  Right  Tibia. 
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POST-CRANIAL  SKELETAL  CHARACTERS 


Odocoileus 

The  anterior,  a,  of  the  two  sur¬ 
faces  that  articulate  with  the  fibula 
is  conspicuously  more  proximal 
than  the  posterior,  b ;  and  there  is 
a  sharp  point,  c,  at  the  antero¬ 
lateral  corner  of  the  posterior  ar¬ 
ticular  surface. 

Articular  grooves  for  astragalus 
less  deep. 

The  muscle  scar  on  the  inner 
malleolus,  g,  is  a  raised  area,  j, 
with  a  well-marked  slightly  con¬ 
cave  distal  boundary,  k,  and  a  zig¬ 
zag,  usually  well-defined  proximal 
boundary,  1. 

The  anterior  margin,  ?//,  of  the 
groove,  n,  for  the  flexor  digitalis 
longus  is  sharp  but  the  corner,  o, 
does  not  stand  out  as  a  prominent 
lump. 

As  in  pronghorn. 


As  in  pronghorn. 


This  shape  of  the 


mg.  5.  Distal  End  of  Right  Tibi.' 

Antilocapra 

Surfaces  a  and  b  at  about  the 
same  level;  point  at  c  about  as  in 
deer. 


Articular  grooves  for  astragalus 
deeper. 

The  muscle  scar  instead  of  being 
a  raised  more  or  less  flattened  area 
with  fairly  well-defined  distal  and 
proximal  margins  is  a  prominent 
ridge,  p,  the  sides  of  which,  dis- 
tallv  and  proximally,  slope  grad¬ 
ually  to  the  main  surface  of  the 
bone. 

The  anterior  margin,  m,  of  the 
groove,  n,  appears  to  slope  more 
gradually  from  the  posterior  edge 
of  the  inner  malleolus,  g,  and  there 
is  no  projection  at  o. 

The  articular  surface  of  the 
inner  malleolar  process,  g,  has  its 
posterior  margin,  h,  somewhat  flat¬ 
tened  and  at  more  of  an  angle  to 
the  internal  groove,  f.  This  results 
in  a  wider  strip,  b,  of  surface  being 
visible  when  the  epiphysis  is  seen 
from  behind. 

Similarly  though  to  a  less-marked 
degree  a  wider  strip,  i,  of  the  artic¬ 
ular  surface  of  the  inner  malleolus 
is  visible  when  the  epiphysis  is 
seen  from  in  front. 

cular  surface  is  one  of  the  most  useful 
deer  and  pronghorn  from  sheep-goat. 


Ovis-Capra 

Surfaces  a  and  b  at  about  the 
same  level  in  relation  to  each  other 
but  more  proximal  in  relation  to 
the  lateral  margin,  d,  of  the  outer 
groove,  e,  for  articulation  with  the 
astragalus;  point  at  c  less  well- 
developed,  surface  a  flatter,  less 
concave,  than  in  the  other  two. 

Articular  grooves  for  astragalus 
less  deep. 

The  muscle  scar,  has  a  distal 
border,  k,  resembling  that  of  deer 
but  generally  less  well-defined  es¬ 
pecially  anteriorly.  The  proximal 
border,  /,  is  also  less  sharply  de¬ 
fined  than  in  deer.  The  mass  of 
the  scar,  j,  is  more  or  less  flattened 
as  in  deer. 

The  groove,  n,  is  shallower 
than  in  antelope  or  deer,  but  there 
is  a  pronounced  and  very  char¬ 
acteristic  lump  at  o,  nor  found  in 
either  of  the  other  two. 

Articular  surface  at  h  not  flat¬ 
tened  but  sharp-edged  and  more 
nearly  parallel  to  groove  so  that  a 
far  narrower  strip  is  visible  when 
the  epiphysis  is  seen  from  behind. 


Narrower  strip,  i,  of  articular  sur¬ 
face  visible  from  in  front. 


characters  separating 


CALCANEUM 


As  calcanea  are  generally  found  unbroken, 
they  may  often  be  told  apart  by  their  size  and 
general  proportions.  The  calcaneum  of  do¬ 
mestic  sheep-goat  is  easily  distinguished  from 
pronghorn  by  its  small  size.  Mountain  sheep 


are  generally  shorter  than  deer  but  are  thicker 
and  heavier  actually  as  well  as  in  proportion  to 
their  length.  Mountain  sheep  and  pronghorn 
are  often  about  the  same  length  but  here  again 
the  former  is  a  more  massive  bone. 


DFFR,  PRONGHORN,  AND  SHFF.P-GOAT 
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Odocoileus  hemionus 

e 

\ 


ANTILOCAPRA  AMERICANA  QviS  CANADENSIS 


(Later.al  View) 


OdOCOILF.US  HEMIONUS  AnTILOCAPRA  AMERICANA 


Ovis  ARIES 


(Medial  View) 


ANTILOCAPRA  AMERICANA  Ov'IS  ARIES 


AnTILOCAPRA  AMERICANA  OviS  ARIES 


Fig.  5.  Distal  End  ok  Righ  i  I  ibia. 
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POST-CRANIAL  SKELETAL  CHARACTERS 


Odocoileus 
Latcro-distal  projection,  a,  nearer 
the  posterior  margin  of  the  bone. 

This  is  helpful  in  distinguishing 
deer  from  pronghorn. 

As  seen  in  side  view  the  susten¬ 
taculum,  or  projection  b  for  articu¬ 
lation  with  the  astragalus,  is 
medium-sized. 


Ol)OCOILFUS  HEMIONVS 


Fig.  6.  Left  Calcaneum. 

Antilocapra 

Projection  at  a  nearer  the  middle 
of  the  long  axis  of  the  bone. 

As  seen  in  side  view  the  susten¬ 
taculum,  b,  is  smaller. 

This  is  important  in  distinguish¬ 
ing  pronghorn  from  mountain 
sheep. 


AvMLOCAPRA  AMERICANA 


Ovis-Capra 

About  as  in  pronghorn. 


As  seen  in  side  view  the  susten¬ 
taculum,  b,  is  larger. 


Ovis  CANADENSIS 


0  I  cm 

Fig.  6.  Left  Calcaneum  (Medial  View). 


NA  VICULO-CUBOID 

This  bone  is  usually  found  entire  and  the  help  except  in  the  case  of  domestic  sheep-goat 

many  characteristic  features  of  the  articular  which  are  generally  small,  though  large  indi¬ 
surfaces,  particularly  the  distal  one,  make  it  viduals  are  close  to  small  pronghorn, 

one  of  the  easiest  to  identify.  Size  is  of  little 


Odocoileus  hemionus  Antilocarra  americana  Ovis  canadensis 

.  Anterior  Anterior 

Anterior  anterior 


Fig.  7.  Distal  End  of  Left  Naviculo-Cuboid. 
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DEER,  PRONGHORN,  AND  SHEEP-GOAT 
Fig.  7.  Distal  End  of  Left  Naviculo-Cuboid. 


Odocoileus 

Posterior  margin  of  the  bone 
forms  a  distinct  articulation  with 
the  metatarsal  along  a  flattened  sur¬ 
face  at  b. 


Lateral  surface,  a,  for  articula¬ 
tion  with  metatarsal  relatively 
longer  antero-posteriorly.  This  is 
one  of  the  best  diagnostic  features 
of  deer. 

Surface,  c,  for  articulation  with 
entocuneiform  about  the  same  size 
as  in  pronghorn,  generally  not  con¬ 
cave. 

When  the  bone  is  seen  from  the 
distal  end,  the  projection  made  by 
the  lateral  corner,  e,  of  the  sur¬ 
face  for  articulation  with  the  cal- 
caneum  is  more  posterior  in  posi¬ 
tion. 


Antilocapra 

I  he  postero-lateral  corner  is 
drawn  down  into  a  point  which 
very  occasionally  touches  the  meta¬ 
tarsal  but  never  develops  the  dis¬ 
tinct  elongated  articular  surface 
characteristic  of  deer  and  sheep. 
This  is  one  of  the  best  diagnostic 
features  of  antelope. 

Articular  surface,  a,  relatively 
short. 


Surface,  c,  concave  antero-pos¬ 
teriorly  and  generally  larger  than 
in  sheep-goat. 

Projection,  e,  more  anterior. 


Ovis-Capra 

Posterior  surface  for  articulation 
with  the  metatarsal  even  more  con¬ 
spicuously  developed  than  in  deer. 


Articular  surface,  a,  is  relatively 
short  and  tends  to  be  broader  than 
in  pronghorn. 

Articular  surface,  c,  flat  and  gen¬ 
erally  smaller  than  in  pronghorn. 
This  helps  to  distinguish  sheep-goat 
from  pronghorn. 

As  in  pronghorn. 


PROXIMAL  END 

The  proximal  articular  surfaces  are  less  easy 
to  tell  apart  and  so  have  not  been  figured. 
Deer  may  generally  be  identified  by  the  shape 
of  the  surface  for  articulation  with  the  cal- 
caneum.  This  forms  the  postero-lateral  corner 
of  the  bone  in  all  these  forms,  but  in  deer 
extends  conspicuously  farther  along  the  pos¬ 


terior  side.  Medial  to  the  postero-medial  end 
of  this  surface,  and  forming  a  sharp  angle  with 
it,  is  a  facet  of  the  surface  for  articulation  with 
the  astragalus  which,  when  present  in  the  other 
forms,  never  is  as  well  developed  and  does  not 
form  such  an  angle.  No  such  differences  sepa¬ 
rate  pronghorn  and  sheep-goat. 


ASTRAGALUS 


This  is  often  an  exceedingly  difficult  bone 
to  identify.  Though  slight  inconspicuous  dif¬ 
ferences  occur,  all  of  them  are  not  always 
present  in  the  same  individual.  The  illustrated 
differences  in  proportion  between  pronghorn 
and  deer  are  fairly  constant.  Domestic  sheep- 
goat  are  usually  noticeably  smaller  than  prong¬ 
horn,  while  the  groove,  f,  on  the  proximal 


trochlea  is  shallower  and  the  lateral  ridge,  g 
(see  fig.  of  pronghorn),  proportionally  thick¬ 
er  than  in  either  deer  or  pronghorn.  In  deer  and 
pronghorn  in  rear  view,  the  posterior  surface 
for  articulation  with  the  calcaneum  and  navic- 
ulo-cuboid  is  more  nearly  parallel  with  the 
main  antero-postero  axis  of  the  bone  than  in 
sheep-goat  (no  fig.).  Archeological  lots  of 


v  POST-CRANIAL  SKELETAL  CHARACTERS 

bone  often  contain  more  than  one  of  the  ankle  is  far  easier  than  when  they  are  taken  scpa- 
bones  of  a  given  individual.  If  it  is  possible  to  lately, 
fit  these  together,  identification  of  all  of  them 


OdOCOILEUS  HEMIONUS  AnTU.OCAPRA  AMERICANA 


AnTILOCAPRA  AMERICANA  OviS  ARIES 
Proximal 


Proximal 


(Anterior  View) 

0  I  Cm. 

I _ . - I 

Fig.  8.  Left  Astragalus. 


(Lateral  View) 


Odocoileus 

Width  across  distal  trochlea 
from  c  to  d  greater  in  proportion 
to  width  across  proximal  trochlea 
on  a  line  parallel  to  this  from  a  to 
b. 

Salient  at  a  not  pronounced, 
salient  at  e  pronounced. 

As  in  pronghorn. 


Fig.  8.  Left  Ast  ragalus. 

Antilocapra 

Width  from  c  to  d  less  in  pro¬ 
portion  to  that  from  a  to  b. 


Salient  at  a  pronounced,  salient 
at  e  not  pronounced. 

In  relation  to  posterior  articular 
surface,  j,  the  proximal  part  of  the 
lateral  ridge,  g,  of  the  proximal 
trochlea  extends  farther  prox- 
imally  and  docs  not  end  posteri¬ 
orly  in  a  point  at  i.  This  is  best 
seen  in  side  view  where  the  dis¬ 
tance  from  k  to  /  is  relatively 
greater. 


Ovis-Capra 

Width  from  c  to  d  less  in  pro¬ 
portion  to  that  from  a  to  b.  (No 
fig.) 

Well-developed  salients  at  both 
a  and  e. 

In  relation  to  j,  ridge  g  extends 
less  far  proximally,  see  shorter  dis¬ 
tance  from  k  to  /,  and  ends  in  a 
point  at  i. 


METATARSAL 


The  whole  metatarsal  is  very  easily  identi¬ 
fied.  Sheep-goat  lack  the  deep  gutter-like 
groove  on  the  anterior  surface,  while  a  slight 
concavity  is  all  that  represents  the  posterior 


groove.  Domestic  sheep-goat  are  small  and 
mountain  sheep,  though  shorter  than  prong¬ 
horn,  are  heavier  than  deer.  Pronghorn  are 
shorter  and  more  slender  than  deer  and  the 
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DEER,  PRONGHORN, 

edges  of  the  groove  on  the  anterior  surface 
are  more  rounded  with  the  medial  margin 
relatively  less  elevated  proximally.  The  groove 

PROXIMAL  END 

The  general  outline  in  end  view  of  this 
fragment  differs  conspicuously  in  all  three 
forms.  Further,  the  differences  shown  in  the 
articular  surfaces  of  the  naviculo-cuboid  have 


AND  SHEEP-GOAT 

on  the  posterior  surface,  particularly  prox¬ 
imally,  is  shallower  in  pronghorn  and  in  deer. 


their  counterpart  on  the  corresponding  artic¬ 
ular  surfaces  of  the  metatarsal.  The  surfaces 
for  articulation  with  the  cuneiforms  arc  also 
characteristic. 


Fig.  9.  Proximal  End  of  Left  Metatarsal. 


Odocoileus 

Surface  for  articulation  wirh  the 
naviculo-cuboid,  a,  larger  in  pro¬ 
portion  to  that  for  articulation  with 
the  entocunciform,  b. 

Well-developed  posterior  sur¬ 
face,  c ,  for  articulation  with  navic¬ 
ulo-cuboid. 

Well-developed  convexity,  e, 
marks  the  end  of  the  groove  on  the 
posterior  side  of  the  shaft. 

Posterior-most  projection,  d,  of 
proximal  epiphysis  lateral. 


Odocoileus  hemionus 
Anterior 


Antilocapra 

Surface  a  smaller  in  proportion 
to  b. 


This  articular  surface  absent. 

No  such  convexity,  shallow 
groove  not  extending  to  articular 
surface. 

Projection  at  d  central. 


Antilocapra  Americana 
Anterior 


Ovis-Capra 
As  in  pronghorn. 


As  in  deer. 

As  in  pronghorn. 

Projection  at  d  more  lateral  than 
in  pronghorn,  less  so  than  in  deer. 


OviS  ARIES 
Anterior 


0  I  Cm. 

i.  —  *  -  / 

Fig.  9.  Proximal  End  of  Left  Metatarsal. 
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DISTAL  END 

If  the  fragment  is  sufficiently  long,  the 
gutter-like  groove  on  the  anterior  surface 


which  is  characteristic  of  deer  and  pronghorn 
clearly  distinguishes  these  two  from  sheep- 
goat. 


Distal  End  of  Left  Metatarsal. 

Antilocapra 
As  in  deer. 


Fig.  10. 

Odocoileus 

Gutter-like  groove,  d,  on  anteri¬ 
or  surface  is  apparent  in  any  frag¬ 
ments  in  which  the  distance  from 
c  to  the  proximal  end  of  the  frag¬ 
ment  is  as  great  as  the  distance 
across  the  condyles  from  a  to  b. 

Shaft  in  cross  section  at  about  f 
is  rounder. 

Anterior  surface  of  the  shaft  be¬ 
tween  groove  d  and  intercondylar 
groove  at  c  convex  latero-medially. 

As  seen  in  profile  the  anterior 
margin  of  the  shaft  at  e  projects 
farther  anteriorly  than  the  ridge  of 
the  condyle  at  j. 

As  seen  in  profile  the  antero- 
postero  diameter  of  the  medial 
portion,  h,  of  the  medial  condyle  is 
greater  in  proportion  to  its  vertical 
diameter.  The  same  is  true  of  the 
lateral  condyle. 

No  ridge  at  i. 


As  in  deer. 


As  in  deer. 


Shaft  at  e  not  projecting  farther 
anteriorly  than  condyle  at  j. 

As  in  deer. 


No  ridge  at  i. 


Ovis-Capra 

No  gutter-like  groove. 


Shaft  in  cross  section  at  this 
point  more  flattened  antero-posteri- 
orly. 

Shaft  at  this  point  concave, 
sometimes  very  markedly  so. 

As  in  pronghorn. 


Antero-postero  diameter  of  con¬ 
dyles  less  in  proportion  to  vertical 
diameter. 


Sheep-goat  tend  to  form  a  ridge, 
i,  on  the  antero-lateral  side  of  each 
condyle.  Sometimes,  particularly 
in  mountain  sheep,  this  is  very 
conspicuous,  and  a  good  diagnos¬ 
tic  character. 


Antilocapra  Americana 


(Anterior  View) 

0  1  Cm. 

■ — i— j 


Odocoileus  hemionus  Antilocapra  Americana  Ovls  aries 


Fig.  10.  Distal  End  of  Left  Metatarsal. 
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TOE  BONES 


FIRST  PHALANGES 
The  first  phalanges  are  rather  easy  to  iden¬ 
tify.  I  he  same  features  distinguish  both  the 
anterior  and  the  posterior  ones  so  only  the  pos¬ 
terior  have  been  figured.  The  length  and 
slenderness  of  those  of  pronghorn  antelope 
both  in  side  and  in  dorsal  view  are  very  charac¬ 
teristic.  Deer  and  mountain  sheep  are  rela¬ 
tively  much  heavier.  They  may  best  be  told 
apart  by  the  presence  in  deer  of  large  flattened 
surfaces;  see  a,  for  articulation  with  the  sesa- 
moids,  such  articular  surfaces  although  fairly 
well  developed  in  pronghorn  are  barely  ap¬ 


parent  in  mountain  sheep.  In  addition,  the  lat¬ 
ter  have  the  groove  of  the  proximal  articular 
surface  deeper  and  showing  as  a  more  acute 
notch  on  the  anterior  surface  of  the  bone  (no 
fig.).  In  individual  deer  and  mountain  sheep 
with  first  posterior  phalanges  of  the  same  size, 
the  first  anterior  phalanges  of  the  former  are 
both  shorter  and  more  delicately  built  than 
those  of  the  latter.  The  small  but  heavy  pha¬ 
langes  of  domestic  sheep-goat  have  the  same 
features  of  the  proximal  articular  surfaces  as 
do  mountain  sheep. 


ODOCOILEUS  HEMIONUS  ANTILOCAPRA  AMERICANA  OviS  CANADENSIS 


Fig.  11.  First  Phalanges  or  Third  Toe  of  Left  Hindfoot. 


SECOND  PHALANGES 
As  with  the  other  phalanges,  the  distinguish¬ 
ing  features  of  anterior  and  posterior  bones 
are  the  same  and  so  only  posterior  ones  have 
been  figured.  Pronghorn  may  easily  be  identi¬ 
fied  by  the  slender  shaft  and  relatively  large 


epiphyses.  Deer  and  mountain  sheep  may  be 
told  apart  by  the  characters  of  the  proximal 
articular  surface.  The  sturdy  phalanges  of 
domestic  sheep-goat  are  essentially  small  re¬ 
plicas  of  those  of  mountain  sheep. 


Odocoileus 

Antero-dorsal  margin  of  articu¬ 
lar  surface  at  a  reaches  less  far  pos¬ 
teriorly  than  the  postcro-ventral, 
b. 

Ridge,  c,  between  the  articular 
surfaces,  is  shorter  with  only  a 
slight  angle  at  d. 


Fig.  12.  Second  Phalanges. 

Antilocapra 
Resembles  sheep-goat. 


Resembles  sheep-goat. 


Ovis-Capra 

Antero-dorsal  margin  of  articu¬ 
lar  surface  at  a  reaches  farther  pos¬ 
teriorly  than  postero-vcntral,  b. 

Ridge,  c,  longer  with  a  well-de¬ 
veloped  projection  at  d. 


Odocoileus  hemionus 


Antilocapra  Americana 


(Medial  View) 


OviS  CANADENSIS 


Fig.  12.  Second  Phalanges  of  Third  Toe  of  Left  Hindfoot. 


POST-CRANIAL  SKELETAL  CHARACTERS 


THIRD  PHALANGES  OR  HOOF  BONES 
Long  pointed  hoof  bones  with  an  evenly 
sloping  upper  margin  are  easy  to  identify  as 


deer.  Mountain  sheep  are  about  the  same  size 
but  quite  different  in  outline.  Pronghorn  and 
domestic  sheep-goat  are  less  easy  to  separate. 


Odocoileus 

Highest  dorsal  point,  a,  not  an¬ 
terior  to  antero-dorsal  margin,  b, 
of  articular  surface.  This  feature 
easily  distinguishes  deer. 

No  concavity  at  c. 

Intermediate  between  pronghorn 
and  sheep-goat. 


Antero-dorsal  margin  without 
angle. 


Fig.  13.  Third  Phalanges. 

Antilocapra 

Point  a  always  anterior  to  b. 


No  concavity  at  c. 

Seen  from  behind  the  hoof  bone 
is  proportionally  slimmer  than  in 
domestic  sheep-goat  with  the  ar¬ 
ticular  surfaces  longer  and  nar¬ 
rower. 

Antero-dorsal  margin  without 
angle. 


Ovis-Capra 

Point  a  always  anterior  to  b. 


Well-developed  concavity  at  c 
between  dorsal  point  a  and  upper 
margin  of  articular  surface,  b. 

Seen  from  behind  the  hoof  bone 
is  relatively  thick  latero-medially 
with  the  articular  surface  broader 
in  proportion  to  its  length. 

In  mountain  sheep  the  antero- 
dorsal  margin  of  the  hoof  has  a 
characteristic  well-developed  angle 
at  d.  This  is  sometimes  present  in 
domestic  sheep-goat. 


Odocoileus  hemionus 

a  Antilocapra  americana  Ovis  aries 
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Fig.  13.  Third  Phalanges  of  Third  Toe  of  Left  Hindfoot. 


SCAPULA 


T  lie  entire  scapula  is  fairly  easy  to  identify. 
1  he  characters  of  the  spine  are  important  in 
distinguishing  deer  from  pronghorn.  The  spine 
in  deer,  particularly  mid-way  along  its  length, 
is  curved  postero-ventrally'  and  has  a  sharp 
edge;  in  pronghorn  the  spine  is  not  so  curved 
and  has  an  almost  straight  distal  margin  with 
a  relatively  broad  flattened  rim.  Moreover 
in  pronghorn  the  wide  axillary,  or  postero- 
inferior,  rim  of  the  blade  is  expanded  to  form 
an  obtuse  angle  near  its  posterior  end;  such 
an  angle  is  entirely  lacking  in  deer.  An  entire 
scapula  of  domestic  sheep-goat  can  be  dis¬ 


tinguished  by  its  small  size.  Aside  from  this,  the 
most  characteristic  feature  of  sheep-goat  is  the 
much  greater  curvature  of  the  blade  partic¬ 
ularly  antero-posteriorly  and  the  correspond¬ 
ingly  more  concave  subscapular  fossa.  The 
spine  in  sheep-goat  is  slanted  more  dorsally  and 
is  straighter  antero-posteriorly  than  in  deer  and 
lacks  the  long  flattened  distal  margin  so  con¬ 
spicuous  in  pronghorn. 

I  he  head  only  of  the  scapula  is  a  not  un¬ 
common  fragment  and  is  often  very  difficult 
to  identify. 


deer,  PRONGHORN,  AND  SHEEP-GOAT 
Pig.  14.  Glenoid  Fossa  of  Left  Scapula. 


Odocoileus 
In  profile  the  outer  border,  a,  of 
the  glenoid  fossa  slopes  less  steeply 
to  coracoid,  c. 

As  in  pronghorn. 


Antilocapra 

Outer  border,  a,  of  glenoid  fossa 
slopes  more  stecnly  to  coracoid,  c. 

In  end  or  anterior  view  the  outer 
margin  of  the  glenoid  fossa  is  more 
rounded  at  b. 
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Ovis-Capra 
About  as  in  deer. 


In  end  view  outer  margin  of 
glenoid  fossa  flatter  at  b. 


Odocoileus  hemionus  Antilocapra  Americana 

c  c 


Fig.  14.  Glenoid  Fossa  of  Left  Scapula. 


HUMERUS 


Humeri  of  mountain  sheep  and  deer  are  the 
most  easily  confused.  In  addition  to  the  char¬ 
acters  of  the  epiphyses,  the  shaft  of  the  bone 
in  deer  is  somewhat  longer  and  more  slender 
in  proportion  to  its  antero-postero  depth  prox- 
imally,  and,  when  seen  from  in  front,  that  of  the 
sheep-goat  curves  laterally  more.  The  prong¬ 
horn  although  sometimes  as  long  as  a  small 
mountain  sheep  is  noticeably  more  slender, 
and,  when  seen  from  in  front,  straighter. 
Domestic  sheep-goat  may  easily  be  told 
by  their  short  and  generally  robust  appear¬ 
ance.  Individual  epiphyses  arc  common  frag¬ 
ments  and  often  hard  to  distinguish,  the  prox¬ 


imal  one  being  more  difficult  than  the  distal. 
Generally,  sheep-goat  may  be  told  by  their 
small  size,  but  the  difference  is  not  sharp 
enough  to  be  always  reliable  when  comparison 
is  made  with  a  small  pronghorn.  Size  alone  is 
unreliable  when  comparing  deer,  pronghorn, 
and  mountain  sheep.  The  position  of  the  nu¬ 
trient  foramen  on  the  posterior  side  of  the 
shaft  is  generally  more  lateral  and  distal  in 
sheep-goat  and  deer  and  more  central  and 
proximal  in  pronghorn.  This  is  often  a  helpful 
clue,  but  two  specimens  of  pronghorn  at  hand 
arc  so  aberrant  in  this  respect  as  to  make  the 
character  by  itself  useless. 
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POST-CRANIAL  SKELETAL  CHARACTERS 


Fig.  15.  Proximal  End  of  Right  Humerus. 


Odocoileus 

The  maximum  transverse  diame¬ 
ter  of  the  epiphysis  is  relatively 
large  in  proportion  to  the  antero- 
postero  diameter  (no  fig.). 

A  conspicuous  transverse  groove, 
b,  often  deep,  separating  the  muscle 
scar,  f,  from  the  great  tuberosity,  a. 

When  seen  from  the  outer  side, 
the  muscle  scar  appears  rounded 
posteriorly  with  no  intermediate 
sloping  area  between  it  and  the 
antero-lateral  margin  of  the  head. 

Shape  of  anterior  margin  of 
muscle  scar  characteristic  and  as 
figured. 

At  line  of  epiphysial  union  the 
head  does  not  overhang  the  shaft 
in  a  sharp  lip  at  e. 

Bulk  of  great  tuberosity,  a,  rela¬ 
tively  less  (see  fig.  of  postero¬ 
medial  view). 


Point,  g,  on  inner  margin  of 
great  tuberosity  absent  or  only 
slightly  developed,  except  in  very 
old  individuals.  This  is  a  very  use¬ 
ful  character  although  it  is  to  a 
certain  extent  one  of  age.  Even  in 
immature  pronghorn  antelope,  it 
is  well  developed,  while  in  adult 
deer  it  is  often  entirely  absent. 


Antilocapra 

Transverse  diameter  relatively 
narrow  in  proportion  to  antero- 
postero  diameter. 

No  such  groove. 

Muscle  scar  not  so  shaped  and 
when  seen  from  the  outer  side  ap¬ 
pears  to  be  set  off  from  the  head 
by  a  relatively  wide-sloping  area, 
c. 

Shape  of  anterior  margin  of  mus¬ 
cle  scar  characteristic  and  as  fig¬ 
ured. 

At  line  of  epiphysial  union  head 
overhangs  shaft  in  sharp  lip  at  e. 

Bulk  of  great  tuberosity  moder¬ 
ate  (see  fig.  of  postero-medial 
view) . 


Deltoid  ridge  runs  up  to  a  well- 
developed  point,  g,  on  the  inner 
margin  of  the  great  tuberosity 
overhanging  the  bicipital  groove,  i. 
This  feature  is  apparent  even  in 
young  adult  individuals. 


Ovis-Capra 

The  bulk  of  the  great  tuberosity 
reduces  the  importance  of  this 
character  here. 

Groove  absent  or  indicated  by  a 
very  slight  notch. 

Posterior  margin  of  muscle  scar 
as  in  deer. 


Shape  of  anterior  margin  of 
muscle  scar  characteristic  and  as 
figured. 

As  in  deer. 


Bulk  of  great  tuberosity  conspic¬ 
uously  greater  than  in  the  other 
two  (see  fig.  of  postero-medial 
view).  This  difference,  though 
difficult  to  describe,  is  the  best 
diagnostic  character  separating 
mountain  sheep  from  deer. 

No  such  point. 


DISTAL  END 

So  much  confusion  exists  in  the  terminology 
used  for  different  parts  of  the  distal  end  of 
the  humerus  that  no  attempt  has  been  made 


to  follow  any  particular  author.  The  terms 
used  are  as  descriptive  as  possible. 

The  depth  of  the  condylar  grooves  and  the 
relative  size  of  internal  and  external  condyles 
are  good  diagnostic  characters. 
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a 
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ANTILOCAPRA  AMERICANA 


a 
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(Antero-lateral  View) 


OdOCOILEUS  HEMIONUS 

a 

ANTILOCAPRA  AMERICANA 


Ovis  CANADENSIS 
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(POSTERO-MEDIAL  VlEW) 


Fig.  15.  Proximal  End  of  Right  Humerus. 
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POST-CRANIAL  SKELETAL  CHARACTERS 
Fig.  16.  Distal  End  of  Right  Humerus. 


Odocoileus 

Condylar  grooves,  deep.  The 
external  one,  d,  deeper  than  the  in¬ 
ternal,  c,  and  the  ridge,  e,  between 
the  two  with  a  steeper  lateral  face. 

Vertical  diameter  of  internal 
condyle,  a,  greater  in  proportion 
to  that  of  external,  b. 

Ectepicondvlar  ridge,  f,  not  es¬ 
pecially  prominent  and  not  extend¬ 
ing  conspicuously  beyond  the  mar¬ 
gin  of  the  articular  surface  when 
the  bone  is  seen  anteriorly. 


Antilocapra 

External  condylar  groove,  d, 
shallower  than  in  deer,  and  shal¬ 
lower  than  the  internal  one,  c,  in 
itself.  Ridge,  e,  between  the  two, 
with  more  sloping  lateral  face. 

About  as  in  deer,  difference 
somewhat  less  conspicuous. 

Ectepicondylar  ridge,  f,  strongly7 
developed  and  extending  yvell  be- 
\7ond  the  margin  of  the  articular 
surface  yvhen  the  bone  is  seen  an¬ 
teriorly. 


Ovis-Capra 

Condylar  grooves  much  shallow¬ 
er  than  in  deer  or  pronghorn. 


Vertical  diameter  of  internal 
condyle,  a,  much  less  in  proportion 
to  that  of  external,  b. 

As  in  deer. 


Odocoileus  hemionus  Antilocapra  americana  Ovis  aries 
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Fig.  16.  Distal  End  of  Right  Humerus. 


RADIUS 


Certain  of  the  characters  of  the  epiphyses 
as  described  and  figured  are  well  marked  and 
diagnostic  so  that  if  the  whole  bone  is  found 
there  is  usually  little  difficulty  in  identifying 
it.  In  addition,'  sheep-goat  are 'usually  marked¬ 


ly  shorter  than  pronghorn,  and  pronghorn  has 
the  shaft  relatively  straight  when  viewed  from 
in  front,  whereas  in  both  sheep-goat  and  deer 
the  proximal  end  of  the  shaft  is  slightly 
twisted  outward. 
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DEER,  PRONGHORN,  AND  SHI  EP-GOAT 


!•  ig.  17.  Proximal  End  ok  Right  Radius. 


Odocoileus 

Notch  at  a  conspicuously  deeper 
and  more  u-  or  v-shaped. 

No  such  projection  at  b ;  a  slight 
rounded  prominence  instead. 

Width  of  epiphysis  from  c  to  d 
less  in  proportion  to  depth  at  right 
angles  to  this  (maximum  depth 
about  60  per  cent  of  width). 

No  lip  at  e. 


Antilocapra 

Notch  at  a  for  articulation  with 
ulna  shallower  and  forming  almost 
a  right  angle. 

Sharp  projection,  b ,  at  antero¬ 
lateral  corner  of  surface  for  ar¬ 
ticulation  with  the  external  condyle 
of  the  humerus. 

VV  idth  from  c  to  d  greater  in 
proportion  to  maximum  depth  at 
right  angles  to  this  (maximum 
depth  about  50  per  cent  of  width). 

No  lip  at  e. 


Ovis-Capra 

Similar  to  deer  but  deeper  in 
mountain  sheep. 

Similar  to  deer,  but  a  little  more 
pronounced.  Occasionally  in  do¬ 
mestic  sheep-goat  almost  as  prom¬ 
inent  as  in  pronghorn. 

Intermediate  between  deer  and 
pronghorn,  domestic  sheep-goat  re¬ 
sembles  pronghorn  most  in  this 
feature. 

A  well-developed  lip  at  e.  This 
is  the  most  characteristic  feature 
of  the  proximal  end  of  the  radius  in 
domestic  sheep-gnat  and  easily 
distinguishes  these  bone  fragments 
from  those  of  small  pronghorn.  It 
is  a  little  less  pronounced  in  moun¬ 
tain  sheep. 


0  I  Cm 


(End  View ) 


Ovis  ARIES 


Fig.  17.  Proximal  End  of  Right  Radius. 


DISTAL  END 

No  one  character  easily  distinguishes  deer 
from  pronghorn,  but  a  combination  of  the 


characters  listed  below  readily  separates  the 
two.  I  he  diagnostic  features  of  sheep-goat 
are  easier  to  observe. 
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Fig.  18.  Distal  End  of  Right  Radius. 


Odocoileus 

Surface,  a,  for  articulation  with 
the  scaphoid,  more  conspicuous  in 
side  view,  and  deeper  antero- 
posteriorly. 

Groove  at  b  absent  or  inconspic¬ 
uous. 

Occasionally  a  very  shallow  de¬ 
pression  at  c. 

Notches  at  d  and  e  shallower 
than  in  pronghorn.  That  at  d  the 
shallowest. 

Surface,  a,  for  articulation  with 
scaphoid  extends  less  far  medially 
at  f. 


Antilocapra 

Surface,  a,  for  articulation  with 
the  scaphoid  less  conspicuous  in 
side  view,  and  less  deep  antero- 
posteriorly. 

Groove  at  b  well-developed. 

No  pit-like  depression  at  c. 


Notches  at  d  and  e  moderate, 
that  at  d  the  shallowest. 

Surface,  a,  for  articulation  with 
scaphoid  extends  farther  medially 
at  f  so  that  at  this  point,  in  end 
view,  it  masks  the  more  proximal 
margin  of  the  epiphysis. 


Ovis-Capra 

Surface,  a,  about  as  in  prong¬ 
horn. 


Development  of  groove  at  b  in¬ 
termediate  between  pronghorn  and 
deer. 

A  deep  pit-like  depression  at  c 
always  present;  this  readily  distin¬ 
guishes  sheep-goat  from  the  other 
two  forms. 

Notch  at  d  deeper  than  in  either 
deer  or  pronghorn  and  deeper 
than  notch  at  e  in  itself. 

Surface,  a ,  about  as  in  deer. 
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OdOCOILIUS  1IEMIONUS 


OOOCOH.EUS  HEMIONUS 


Anterior 
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AnTTLOCAPRA  AMERICANA 


(Mediae  View) 


AnTILOCAPRA  AMERICANA 
Anterior 


OviS  ARIES 


OviS  ARIES 


Anterior 
' - v 


d 


Fig.  18.  Distal  End  of  Right  Radius. 
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ULNA 


The  whole  ulna  is  rarely  found,  as  the 
slender  distal  end  of  the  shaft  is  easily  broken. 
Large  sheep-goat  and  small  pronghorn  are  the 
most  difficult  forms  to  tell  apart.  In  general, 
sheep-goat  are  distinguished  by  having  the 
shaft,  distal  to  the  articular  surface  less  deep 


antero-posteriorly  with  the  posterior  margin 
thickened  and  rounded,  whereas  in  pronghorn 
the  deeper  shaft  is  much  sharper  edged.  Sheep- 
goat  resemble  antelope  more  in  the  proportions 
of  the  semi-lunar  notch  and  deer  in  the  shape 
of  the  distal  border  of  the  notch. 


19.  Proximal  End  of  Right  Ulna. 

Antilocapra  Ovis-Capra 

Distance  from  a  to  d  greater  in  Similar  to  pronghorn, 
proportion  to  that  from  e  to  d  and 
from  j  to  k. 


Fig. 

Odocoileus 

Semi-lunar  notch,  g,  narrower 
from  a  to  d  in  proportion  to  the 
length  in  a  straight  line  from  e  to 
d;  it  is  also  narrower  in  propor¬ 
tion  to  the  minimum  antero-pos- 
tcro  depth,  j  to  k,  of  the  olecranon. 

Olecranon,  c,  deeper  antero- 
posteriorly  from  j  to  k  in  propor¬ 
tion  to  its  length  posterior  to  the 
articular  surface. 

Latero-distal  border  of  semi¬ 
lunar  notch  forming  a  deeper  more 
acute  angle  at  b. 

The  slope  of  surface  f  for  artic¬ 
ulation  with  the  posterior  side  of 
the  radius  faces  more  laterally. 

Olecranon,  c,  in  line  with  main 
axis  of  shaft,  not  twisted  inward. 

Posterior  margin  of  shaft  be¬ 
tween  h  and  i  straighter,  not  taper¬ 
ing  abruptly  at  i  and  not  as  slender 
distal  to  this  (no  fig.). 


Olecranon,  c,  less  deep  in  pro¬ 
portion  to  its  length. 

Angle  at  b  shallow  and  more 
nearly  a  right  angle. 

The  slope  of  surface  f  faces  more 
distally. 

Olecranon,  c,  slightly  twisted  in¬ 
ward. 

Posterior  margin  of  shaft  convex 
between  b  and  i  and  consequently 
deeper  antero-posteriorly  between 
l  and  m,  tapering  abruptly  at  i,  and 
proportionally  very  slender  distal 
to  this. 


Resembles  pronghorn. 


As  in  deer. 

Intermediate  between  deer  and 
pronghorn. 

Olecranon,  c,  conspicuously 
twisted  inward. 

Resembles  deer  except  that  the 
shaft  tapers  more  at  i  and  is  slend¬ 
erer  distal  to  this  (no  fig.). 


METACARPALS 


Entire  bones  may  usually  be  identified  by 
their  size  and  proportions.  Those  of  sheep- 
goat  are  relatively  short,  heavy,  and  flatter  in 
cross  section,  the  groove  on  the  posterior  sur¬ 
face  is  very  shallow,  and  the  margins  about 
one-third  of  the  way  from  the  proximal  end 
often  have  the  vestigial,  lateral  metacarpals 
fused  to  them.  Deer  and  pronghorn  have  a 


deeper,  sharper-margined  groove  on  the  pos¬ 
terior  surface  with  no  vestiges  of  the  lateral 
metacarpals.  Pronghorn  are  remarkably  slen¬ 
der  in  proportion  to  their  length.  For  the 
distal  end  of  the  metacarpals,  see  the  descrip¬ 
tion  and  figures  of  the  metatarsals  as  the  two 
resemble  each  other  closely. 


DFER,  PRONGHORN,  AND  SHEEP-GOAT 


35 
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An'TILOCAPRA  AMERICANA 


0  I  2  Cm. 
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Fig.  19.  Proximal  End  ok  Right  Ulna. 


POST-CRANIAL  SKELETAL  CHARACTERS 


Left  Metacarpal. 


Fig.  20. 

Odocoileus 

Articular  surface,  a ,  for  unci¬ 
form,  smaller  in  proportion  to  that, 
b,  for  magnum-trapezoid. 

Point  of  maximum  depth  of 
shaft,  c,  more  lateral. 

Articular  surface,  b,  for  mag¬ 
num-trapezoid  concave  with  a  pro¬ 
nounced  elevation  at  d. 

Surface,  b,  with  no  angle  at  e. 


Proximal  End  of 

Antilocapra 

Articular  surface,  a,  larger  in 
proportion  to  b. 

Point  of  maximum  depth  of 
shaft  more  central. 

Articular  surface,  b,  almost  as 
flat  as  in  sheep-goat. 

Surface,  b,  with  an  angle  at  e, 
the  presence  of  which  is  one  of  the 
best  ways  to  tell  pronghorn  from 
domestic  sheep-goat. 


Ovis-Capra 

As  in  pronghorn. 

Point  of  maximum  depth  of  shaft 
more  central.  This  is  one  of  the 
most  conspicuous  differences  be¬ 
tween  mountain  sheep  and  deer. 

Articular  surface,  b,  almost  flat. 

This  surface  with  no  angle  at  e. 


Odocoileus  hemionus 


c 

Anterior  i 


Antilocapra  Americana 

c 


Anterior  i 


i 

b 


OviS  ARIES 


C 

Anterior  ! 


0  I  Cm.  (End  View) 

i i 

Fig.  20.  Proximal  End  of  Left  Metacarpal. 


VERTEBR/E 


Vertebrae  have  not  been  figured  as  they 
are  too  difficult  to  tell  apart.  Fragments  of 
immature  individuals  are  almost  impossible. 
If  the  position  in  the  column  of  an  entire  bone 
can  be  established,  then  the  massiveness  of  the 


bone  in  proportion  to  its  length  and  the  rela¬ 
tive  size  and  angle  of  the  processes  are  gener¬ 
ally  reliable.  In  this  way,  sheep-goat  are  fairly 
easy  to  tell  from  pronghorn,  while  deer  and 
mountain  sheep  are  more  difficult. 


BOS  AND  BISON 
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BOS  AND  BISON 


ALT  HOUGH  Bos  and  Bison  remains  were 
scarce  at  the  Awatovi  site,  a  comparative 
study  of  ten  Bos  (Bos  taiirus)  skeletons  of 
various  breeds  and  twelve  Bison  ( Biso n  bison ) 
skeletons  was  made  in  an  effort  to  discover 
what,  if  any,  good  diagnostic  characters  there 
are  separating  the  two.  The  skeletons  are  far 
more  similar  than  those  of  deer,  pronghorn, 
and  sheep-goat.  A  combination  of  characters 
makes  certain  of  the  bones  identifiable,  but  the 
differences  distinguishing  them  are  so  slight 


that  none  have  been  figured.  The  following 
brief  comments  are  intended  to  help  focus  the 
observer’s  attention  on  what  parts  of  what  long 
bones  tend  to  differ  in  what  significant  ways. 
Again,  one  skeleton  of  each  of  the  forms  is 
essential  to  a  proper  understanding  of  the 
points  discussed. 

It  is  a  pleasure  to  thank  Mr.  C.  C.  Cheng  for 
his  painstaking  help  with  this  comparison  of 
Bos  and  Bison  skeletons. 


HUMERUS 

PROXIMAL  END 


The  relation  of  the  greater  and  lesser  tuber¬ 
osities  to  the  bicipital  groove  and  the  shapes 
of  these  tuberosities  as  seen  from  certain 
angles  are  good  diagnostic  features.  In  Bos, 
when  the  epiphysis  is  seen  from  the  front,  the 
processes  of  the  greater  and  lesser  tuberosities 
surrounding  the  bicipital  groove  are  both 
longer  and  more  slender.  That  portion  of  the 
lesser  tuberosity  which  forms  the  medial  wall 
of  the  bicipital  groove  is  almost  vertical  and 
separated  from  the  floor  of  the  groove  by  a 
deep  concavity  while  the  gap  between  its  tip 
and  the  overhanging  portion  of  the  greater 
tuberosity  is  far  less  than  in  Bison  of  the  same 
age.  In  Bison,  the  floor  of  the  bicipital  groove 
slopes  evenly  proximo-medially  to  a  thick, 
rounded,  anterior  portion  of  the  lesser  tuberos¬ 
ity,  occasionally  a  slight  concavity  separates 
the  floor  of  the  groove  from  the  lesser  tuberos¬ 
ity.  The  greater  tuberosity  overhangs  the 
groove  far  less  than  in  Bos  and  that  portion  of 


it  which  forms  the  proximo-lateral  wall  of  the 
groove  is  far  thicker  in  Bison  than  in  Bos. 

Seen  from  the  side,  in  Bison  a  single  rather 
deep  notch  separates  the  small  anterior  portion 
of  the  great  tuberosity  from  the  larger  pos¬ 
terior  portion,  whereas  in  Bos  seen  from  the 
same  angle  the  proximal  margin  of  the  great 
tuberosity  is  divided  by  two  less  well-devel¬ 
oped  notches  and  the  posterior  portion  tends 
to  extend  less  far  proximally  in  relation  to  the 
anterior  than  in  Bison. 

DISTAL  END 

The  ectepicondylar  ridge  in  Bos  is  better 
developed  than  in  Bison,  this  is  particularly 
apparent  when  the  epiphysis  is  seen  in  anterior 
view.  As  seen  from  the  medial  side,  there  are 
certain  differences  in  the  shape  of  the  postero- 
distal  margin  of  the  epiphysis  and  its  position 
in  relation  to  the  internal  condyle. 


RADIUS 


PROXIMAL  END 

The  proximal  end  of  the  radius  is  best  iden¬ 
tified  by  the  lateral  and  medial  muscle  scars 
on  the  shaft  close  to  the  epiphysis,  not  by  the 
shape  of  the  articular  surface.  In  Bison,  the 
proximo-lateral  surface  for  muscle  attach¬ 
ment  is  expanded  proximo-distally  into  a  con¬ 
spicuous  more  or  less  flattened  area  rather  than 
forming  a  large  lateral  projecting  lump  as  in 
Bos.  Medially,  the  muscle  scar  in  Bison  is  pit¬ 
like,  whereas  in  specimens  of  Bos  of  com¬ 
parable  age  this  area  though  roughened  is  far 
less  or  not  excavated. 


DISTAL  END 

The  surface  for  articulation  with  the  scaph¬ 
oid  is  differently  shaped;  in  Bos  the  postero¬ 
medial  and  postero-lateral  ridges  converge 
posteriorly,  while  in  Bison  they  are  more 
nearly  parallel  with  the  result  that  the  medial 
ridtje  projects  more  medially  than  in  Bos. 
Generally,  the  postero-lateral  margin  of  the 
surface  for  articulation  with  the  lunate  is 
sharper  in  Bison. 
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POST-CRANIAL  SKELETAL  CHARACTERS 


ULNA 


The  most  conspicuous  character  of  the 
proximal  epiphysis  is  the  much  greater  de¬ 
velopment  of  the  articular  surface  of  the 
coronoid  process  in  Bison.  In  Bos,  the  lateral 
portion  of  this  surface  is  much  narrower 
proximo-distally.  Further,  in  Bos  a  sharp  ridge 
extends  from  the  lateral  corner  of  this  process 
diagonally  across  the  lateral  surface  of  the 
shaft  and  is  continuous  with  the  sharp  pos¬ 
terior  margin  of  the  shaft.  The  distal  end  of 
the  ulna  is  thinner  latero-medially  and  the 
lateral  groove  between  the  ulna  and  the  radius 
has  a  sharper  posterior  border  in  Bos.  The 


ridge  on  the  lateral  side  of  the  ulna  in  Bison 
is  less  prominent  than  in  Bos,  and  not  broadly 
continuous  with  the  coronoid  process,  neither 
is  the  posterior  margin  of  the  ulna  sharply 
continuous  with  it.  Generally,  the  ulna  and 
radius  fuse  earlier  in  Bos  than  in  Bison;  fur¬ 
ther,  the  shaft  of  the  ulna  medially  forms  more 
nearly  a  right  angle  with  that  of  the  radius 
in  Bison  than  in  Bos.  In  Bos,  the  medial 
margin  of  the  ulna  and  the  posterior  surface 
of  the  radius  merge  gradually  forming  to¬ 
gether  a  gently  concave  surface. 


FEMUR 


PROXIMAL  END 

The  proximal  end  of  the  femur  is  an  exceed¬ 
ingly  difficult  fragment  to  identify.  There  are 
no  apparent  constant  differences  in  the  great 
trochanter  and  its  muscle  scars.  In  Bison,  there 
is  a  slight  tendency  for  the  head  to  form  more 
of  a  lip  where  it  joins  the  shaft  especially  pos¬ 
teriorly  and  for  the  lesser  trochanter  to  be 
nearer  the  midline  of  the  bone,  while  in  Bos 
the  neck  of  the  femur  tends  to  be  shorter  from 
the  margin  of  the  head  to  the  proximal  end  of 
the  lesser  trochanter.  1  he  most  reliable  char¬ 
acter,  albeit  a  very  difficult  one  to  see,  is  the 
shape  of  the  lesser  trochanter.  In  Bos,  the 
vertical  ridge  di\  iding  the  posterior  and  medial 
surfaces  for  muscle  attachment  is  well  devel¬ 
op  _d,  more  nearly  in  line  with  the  main  axis 
ot  the  shaft  and  therefore  forming  an  obtuse 
angle  with  the  trochanteric  ridge,  whereas  it 
is  only  occasionally  present  in  Bison,  then  less 
well  developed  and  more  nearly  in  line  with 
the  trochanteric  ridge.  Further,  in  Bos  the 
area  of  bone  between  the  trochanteric  ridge, 
lesser  trochanter,  and  neck  of  the  femur  is 


more  excavated  and  separated  from  the  medial 
and  posterior  surfaces  of  the  bone  by  well- 
marked  ridges,  whereas  in  Bison  it  slopes  more 
evenly  and  gradually  to  the  posterior  and 
medial  surfaces  of  the  bone. 

DISTAL  END 

The  relative  positions  of  the  condyles  and  of 
the  ridges  of  the  patellar  groove  are  the  most 
important  diagnostic  characters  of  the  distal 
end  of  the  femur.  Seen  in  profile  with  the 
shaft  vertical,  the  medial  condyle  in  Bos  ex¬ 
tends  farther  distally  than  the  posterior  end  of 
the  medial-patellar  ridge,  whereas  in  Bison  the 
reverse  is  true.  On  the  opposite  side,  in  Bison 
the  lateral-patellar  ridge  is  more  distal  in  rela¬ 
tion  to  both  the  medial-patellar  ridge  and  the 
lateral  condyle,  whereas  in  Bos  the  lateral-pa¬ 
tellar  ridge  is  more  proximal  in  relation  to 
both  the  medial-patellar  ridge  and  the  lateral 
condyle.  Further,  in  Bison  the  lateral  condyle 
itself  is  more  proximal  in  relation  to  both  patel¬ 
lar  ridges. 


TIBIA 


PROXIMAL  END 

The  pioximal  end  of  the  tibia  is  a  difficult 
fragment.  Generally,  the  shape  of  the  lateral 
condyle  is  a  fairly  good  diagnostic  character. 
In  Bison,  it  extends  farther  around  on  the  pos¬ 
terior  side  of  the  shaft  so  that  when  the  shaft 
is  seen  from  the  rear  more  of  it  is  visible;  fur¬ 
ther,  in  Bison  the  postero-lateral  corner  of 


this  surface  is  drawn  down  into  a  point,  often 
a  sharp  one,  whereas  in  Bos  it  is  rounded.  In 
Bison,  when  seen  from  the  side  the  postero¬ 
lateral  border  of  the  lateral  condyle  is  more 
rounded,  following  the  edge  of  the  articular 
surface  around  the  back  of  the  shaft,  whereas 
in  Bos  it  is  straighten  Generally,  the  fibula 
remnant  is  better  developed  in  Bos. 
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01  I  R,  PRONGHORN, 
DISTAL  END 

The  distal  ends  of  the  tibiae  of  Bison  and 
Bos  are  exceedingly  difficult  to  distinguish. 
The  pi  ojections  on  the  inner  malleolus  differ 
slightly  in  position  and  development,  that  form¬ 
ing  the  angle  at  the  anterior  corner  of  the 
groove  for  the  flexor  digitorum  longus  is  better 
developed  in  Bos  than  in  Bison,  ’.Chile  in  Bos 
also  the  posterior  margin  of  the  groove  for 


AND  SHF  I  P-GOAT 

the  flexor  digitorum  longus  muscle  is  better 
developed  than  in  Bison  of  the  same  age.  Fur¬ 
ther,  the  ridges  for  muscle  attachment  on  the 
posterior  side  of  the  shaft  proximallv  are  dif¬ 
ferent.  In  Bison,  there  is  a  single  ridge  medial 
to  the  main  oblique  ridge,  while  in  Bos  there 
are  two  ridges  medial  to  the  main  oblique 
ridge.  Both  Bison  and  Bos  have  a  single  ridge 
lateral  to  the  central  oblique  one. 


METACARPAL  AND  .METATARSAL 


PROXIMAL  END 

Significant  differences  between  the  meta- 
carpals  arc  few  and  hard  to  define.  Generally 
speaking,  w  hen  the  proximal  articular  surface 
is  seen  in  end  view  the  tuberosities  surrounding 
the  articular  surface  are  more  conspicuous  in 
Bos  than  in  Bison,  further,  in  Bison  the  tuber¬ 
osity  at  the  postero-lateral  corner  of  the  medi¬ 
al  articular  surface  is  sharply  set  off  medially 
bv  a  well-developed  concavity,  whereas  in 
Bos  the  bone  medial  to  the  tuberosity  is  not 
so  excavated. 

No  distinctive  characters  were  found  for  the 
distal  ends  of  cither  metatarsals  or  metacarpals. 


1  he  characters  distinguishing  the  metatar¬ 
sals  are  slight  and  not  always  apparent.  As 
seen  in  end  view,  the  large  anterior  artic¬ 
ular  surfaces  are  more  distinct  in  Bos,  form  a 
more  acute  angle  where  they  meet,  and  Gen¬ 
erally  are  contiguous  for  a  much  shorter  dis- 

-  C* 

tancc,  whereas  in  Bison  they  appear  more  con¬ 
fluent,  the  anterior  portion  of  the  fossa  sepa¬ 
rating  them  is  rounded  or  otherwise  broadened 
instead  of  forming  an  acute  angle,  and  their 
common  anterior  margin  is  longer.  The  small 
posterior  articular  surfaces  are  usually  more 
widely  separated  in  Bos  than  in  Bison. 


CALCANEUM 


Calcanea  are  exceedingly  difficult  to  tell 
apart.  1  he  shape  of  the  sustentaculum  as  seen 
in  side  view,  although  variable  and  not  abso¬ 
lutely  diagnostic,  tends  to  be  characteristic  of 
the  two  forms.  In  Bos,  the  sustentaculum  has 
straighter  margins  proximallv,  distally,  and 
posteriorly  so  that  sometimes  it  is  almost  rec¬ 
tangular  in  shape.  In  Bison,  the  distal  margin 
is  more  apt  to  be  concave  and  the  postcro- 


proximal  margins  combine  in  a  long  arc  which 
sometimes  roughly  parallels  the  margin  of  the 
articular  surface  and  almost  invariably  projects 
further  proximallv  than  in  Bos.  In  Bison,  the 
pit  on  the  anterior  portion  of  the  surface  for 
articulation  with  the  fibula  is  better  developed 
and  the  projection  at  its  medio-distal  corner 
is  sharper. 


ASTRAGALUS 


T  he  astragalus  is  relatively  easy  to  identify, 
the  latcro-medial  relation  to  each  other  of  the 
proximal  and  distal  trochlear  surfaces  as  seen 
in  anterior  view  is  the  best  distinguishing 
character.  In  Bison,  the  proximal  trochlear 
surface  is  offset  towards  the  lateral  side  of  the 
ankle  joint.  This  results,  in  Bison,  in  the  great¬ 
er  development  of  the  antcro-medial  ridge¬ 


like  process  between  the  trochlea  and  also 
often  in  the  formation  of  a  better-developed 
point  at  the  latero-distal  corner  of  the  lateral 
ridge  of  the  proximal  trochlea.  1  his  point  is 
often  entirely  absent  in  Bos,  and  its  develop¬ 
ment  in  Bison  is  associated  w  ith  a  thickening 
of  the  medial  ridge  which  is  usually  thicker. 


POST-CRANIAL  SKELETAL  CHARACTERS 

NA  VICULO-CUBOID 


The  naviculo-cuboid  bones  of  Bos  and 
Bison  are  difficult  to  tell  apart.  A  usually 
reliable  character  is  the  shape  of  the  posterior 
surface  of  the  bone  proximal  to  the  most  pos¬ 
terior  facet  for  articulation  with  the  metatar¬ 
sal.  In  Bos,  there  is  a  well-developed  lump 
which  is  absent  in  Bison.  This  is  best  seen 
when  the  bone  is  viewed  from  the  distal  end. 


In  Bos,  on  the  posterior  side  of  the  navic¬ 
ulo-cuboid,  medial  to  the  articular  surface  for 
the  calcaneum,  there  is  a  well-developed  pro¬ 
cess  usually  projecting  proximally  into  the 
astragalo-calcaneal  fossa.  In  Bison,  this  process 
is  scarcely  developed  or  absent  so  that  the 
naviculo-cuboid  border  of  the  astragalo-cal¬ 
caneal  fossa  is  evenly  concave. 


FIRST  PHALANGES 


The  difficulty  of  properly  placing  an  iso¬ 
lated  toe  bone  as  well  as  the  lack  of  clear-cut 
diagnostic  characters  makes  its  identification 
extremely  difficult.  Generally  speaking,  the 
posterior  ones  in  Bison  tend  to  be  more  slender 
in  proportion  to  the  anterior  ones  than  in  Bos. 
In  Bison,  the  outer  ones  tend  to  twist  outward 
at  the  distal  end  more  than  they  do  in  Bos. 
The  posterior  is  the  most  characteristic  aspect 
of  the  first  phalanges,  and  certain  slight  generic 
differences  are  apparent  in  all  of  them,  whether 
inner  or  outer,  anterior  or  posterior.  In  Bison, 
on  the  external  side  of  the  posterior  surface, 
the  shape  of  the  protuberance  for  muscle  at¬ 
tachment  and  the  surface  of  the  bone  proximal 
and  distal  to  this  is  diagnostic  and  particularly 
characteristic  on  digit  three.  Similarly,  on  the 
posterior  surface,  the  roughness  on  the  medial 
side  just  proximal  to  the  condylar  surface  has 
a  characteristic  more  or  less  isolated  oval  patch 


which  shows  best  on  digit  four.  In  Bos,  these 
surfaces  are  somewhat  differently  shaped.  Such 
differences  though  slight  are  generally  reli¬ 
able.  Various  other  more  variable  features 
are  useful  as  confirmatory  characters.  In  Bos, 
generally  the  anterior  end  of  the  condylar 
groove  forms  a  deeper  notch  on  the  anterior 
surface  of  the  bone  with  the  antero-lateral 
corner  of  the  notch  projecting  relatively  far¬ 
ther  proximally.  As  seen  from  the  posterior 
side,  the  masses  of  bone  distal  to  the  surfaces 
for  articulation  with  the  sesamoids  are  rela¬ 
tively  better  developed  in  Bos  with  the  notch 
between  them  deeper,  whereas  in  Bison  the 
smaller  protuberances  form  a  shallower  notch. 
Exceptions  are  found  to  most  of  these  char¬ 
acters;  sometimes  a  combination  of  them  will 
identify  a  bone,  sometimes  identification  is  im¬ 
possible. 


SECOND  PHALANGES 


Here,  as  with  the  first  phalanges,  the  diffi¬ 
culty  of  correctly  placing  the  bone  in  question 
makes  its  identification  hard.  Generally,  the 
best  diagnostic  character  is  the  formation  in 
Bos,  on  the  proximal  surface  of  the  bone  an¬ 
terior  to  the  ridge  of  the  articular  surface,  of 
a  proximally  directed  mammilary  process  more 

HOOF  BONES  OR 

Both  the  anterior  and  the  posterior  hoof 
bones  of  Bos  are  generally  longer,  straighter, 
and  more  slender  than  those  of  Bison.  They 
have  a  tendency  to  form  a  ridge  just  above 
the  outer  plantar  margin,  while  the  anterior 
margin  as  seen  from  the  side  is  concave.  In 
Bison,  the  hoof  bones  are  shorter  and  blunter 


or  less  set  off  from  the  lateral  surfaces  of  bone 
by  a  groove.  In  addition,  the  antero-medial 
surface  of  the  bone  between  the  articular  sur¬ 
faces  tends  to  be  more  concave  in  Bison  than 
in  Bos.  In  Bison,  the  posterior  phalanges  are 
relatively  longer  and  more  slender  in  propor¬ 
tion  to  the  anterior  ones  than  they  are  in  Bos. 

THIRD  PHALANGES 

and  as  seen  both  from  the  anterior  and  the 
plantar  sides  the  anterior  end  of  the  bone  ap¬ 
pears  to  curve  inward.  Any  concavity  of  the 
anterior  margin  is  very  slight  and  more  distal 
than  in  Bos  and  there  is  scarcely  any  thicken¬ 
ing  of  the  plantar  margin. 
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DISCUSSION 


PERHAPS  no  forms  of  life  are  as  symbolic 
of  a  free  and  wild  continent  as  are  the 
Indian  and  the  North  American  buffalo.  Due 
to  the  buffalo’s  wide  distribution,  great  num¬ 
bers  and  its  importance  as  a  major  food  source 
of  the  Indian,  its  skeletal  remains  have  been 
found  in  almost  every  important  archaeological 
site  within  the  animal’s  known  range  (fig.  i). 
Mr.  G.  Catlin,  prophesying  the  future  of  the 
Indian  and  the  buffalo,  declared  “.  .  .  they 
have  taken  up  their  last  abode,  where  their 
race  will  expire,  and  their  bones  will  bleach 
together”  (Catlin,  1844,  vol.  I). 

The  introduction  of  domestic  cattle  into 
North  America  took  place  at  two  widely  sep¬ 
arated  points  at  about  the  same  time.  Dr.  A. 
H.  Sanders  (1925,  p.  709)  summarizes  these 
landings  as  follows: 

The  first  reliable  data  as  to  cattle  are  contained  in 
a  written  report  found  in  the  Spanish  Archives  at 
Madrid,  to  the  effect  that  Gregorio  Villalobos  in  1521 
went  to  New  Spain  (now  Mexico)  as  governor-general 
or  viceroy.  Villalobos  landed  near  the  present  town 
of  Vera  Cruz,  Mexico,  and  according  to  the  manu¬ 
script  “brought  a  number  of  calves  from  Santo  Do¬ 
mingo,  he  being  the  first  to  bring  them  to  New 
Spain.”  .  .  . 

Four  years  later,  in  1525,  Portuguese  fishermen 
landed  a  few  cattle  and  some  hogs  on  Cape  Breton 
Island,  from  which  they  were  soon  carried  to  New¬ 
foundland  and  the  adjacent  mainland. 

The  conquistadores,  Coronado,  Fray  Mar¬ 
cos  de  Niza,  Onate  and  others  who  explored 
the  southwestern  United  States  undoubtedly 
took  with  them  cattle  which  were  the  basic 
stock  of  the  southwest,  including  Old  Mexico, 
Arizona,  New  Mexico  and  Texas.  These  ani¬ 
mals  were  designated  in  the  reports  of  the  time 
as  “droves  of  big  cattle”  with  no  mention  be¬ 
ing  made  of  breed.  However,  they  were  prob¬ 
ably  of  Andalusian  stock,  with  heavy  fore¬ 
quarters  and  light  hindquarters,  thick  necks, 
large  coarse  heads,  and  possessing  unusually 
long  horns.  From  this  first  stock  came  the 
longhorns  of  Texas  and  ultimately  the  cattle 
industry  of  the  West.  The  cattle  that  were 


peculiar  to  Spain  in  the  sixteenth  century  were 
neither  as  fine  as  the  British  breeds  nor  were 
they  exceptional  as  either  beef  or  dairy  cattle. 
This  is  understandable  since  they  were  a  prod¬ 
uct  of  a  land  where  forage  was  not  especially 
abundant.  Hardiness  and  ability  to  thrive  un¬ 
der  primitive  conditions  were  their  chief 
recommendations  and  they  were  admirably 
suited  to  the  new  territory  taken  over  by  the 
Spanish  Crown  in  the  early  sixteenth  century. 

There  is  little  skepticism  among  workers 
having  contact  with  Bison  and  Bos  remains 
as  to  their  similarity;  in  fact,  Dr.  C.  Linnaeus 
(1788),  in  the  type  description  of  the  plains 
bison,  placed  the  species  bison  in  the  same 
genus  as  the  present  day  domestic  cattle,  Bos 
taunts.  This  is  due  in  part  to  the  distinguish¬ 
ing  differences  between  the  skeletons  of  Bisoti 
and  Bos  which  are  so  subtle  that  only  a  com¬ 
bination  of  these  characters  make  certain  bones 
identifiable  and  separable  (figs.  3  and  4). 

Archaeologists  have  long  felt  the  need  for 
osteological  keys  to  aid  in  determining  the 
various  problematical  animals  that  turn  up  in 
their  excavations,  w'ith  special  emphasis  on 
those  fragments  that  are  labeled  “cf.  Bison  or 
Bos.”  This  has  been  pointed  out  in  particular 
by  Dr.  J.  O.  Brew  in  the  introduction  to  Miss 
Barbara  Lawrence’s  fine  paper  on  the  mam¬ 
mals  found  at  the  Awatovi  site  (Lawrence, 
1951)  and  by  many  of  the  people  who  were 
present  at  the  discussions  held  by  the  Com¬ 
mittee  on  Archaeological  Identifications  of  the 
National  Academy  of  Sciences  (Taylor,  1957). 
Several  volumes  are  available  for  the  student 
of  mammalian  osteology  (Cornwall,  1956; 
Flower,  1876;  Reynolds,  1913)  but,  in  all  in¬ 
stances,  these  are  general  texts  and  are  not 
suited  to  the  special  problems  or  the  authors 
of  these  works  assume  that  a  sufficient  library 
or  reference  collection  is  at  hand. 

Illustrated  keys  of  a  sort  to  be  used  by 
archarologists  dealing  with  the  skulls  and  den¬ 
titions  of  mammals,  including  Bison ,  are  rather 
numerous  (Brown,  1952;  Burt,  1948;  Glass, 
1951)  but  only  a  few  illustrating  post-cranial 
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skeletons  have  been  published  (Brainerd,  1939; 
Hildebrand,  1954,  1955;  Hue,  1907)  and  none 
of  these  are  concerned  with  a  detailed  study 
of  the  vertebral  column  or  appendicular  skele¬ 
ton  of  the  Bison.  Dr.  J.  A.  A1  en  (1876)  in  the 
introduction  of  his  bison  monograph  states, 
in  relation  to  the  text  that  follows,  .  .  it 
cannot  be  considered  as  an  exhaustive  essay  on 
the  subject,  but  it  is  believed  that  the  conclu¬ 
sions  reached  will  not  be  much  affected  by 
future  investigations,  though  many  important 
details  respecting  particular  districts  may  yet 
be  added.”  However,  Allen  does  not  include 
any  plates  illustrating  a  complete  or  partially 
articulated  bison  skeleton.  He  devotes  all  of 
the  figures  to  illustrating  the  skulls  and  denti¬ 
tions  of  both  fossil  and  Recent  forms,  with  the 
exception  of  a  few  limited  views  of  metacar- 
pals  which  appear  on  plate  XI  and  3  metatarsals 
as  a  part  of  plate  VII.  This  same  criticism 
holds  true  for  the  more  recent  publication 
which  deals  with  the  revision  of  the  genus 
Bison  (Skinner  and  Kaisen,  1947).  This  con¬ 
tribution  certainly  represents  a  detailed  study 
of  the  skull  and  dentition  but  lists  only  com¬ 
parative  measurements  of  some  of  the  elements 
of  the  lower  limbs,  without  any  figures  being 
given.  Mr.  F.  G.  Roe  (1951)  in  his  study  of 
the  North  American  buffalo  covers  nearly 
every  aspect  of  the  history  that  pertains  to 
this  animal,  including  an  appendix  on  such 
fringe  topics  as  “Indian  Cannibalism,”  yet 
only  one  plate,  the  frontispiece  depicting  a 
buffalo,  is  included  in  the  nearly  1000  pages 
of  text  that  constitute  this  volume  and  even 
this  meager  representation  of  the  buffalo  is 
credited  to  a  worker  in  Berlin. 

Although  the  North  American  buffalo  was 
figured  by  A.  Thevet  in  1558  and  much  has 
been  said  during  the  intervening  years  con¬ 
cerning  this  animal,  no  illustrated'  osteologi- 
cal  discussion  comparing  Bison  and  Bos  has 
appeared  among  the  many  contributions  to 
the  recorded  literature.  There  is  little  doubt 
that  a  published  comparative  study  of  the 
skeletons  of  the  American  buffalo,  Bison 
bison,  and  the  domestic  cattle,  Bos  taurus,  is 
needed  by  those  workers  who  are  engaged  in 
interpreting  sites  that  fall  within  the  ecologi¬ 
cal  range  of  both  of  these  animals. 

1  he  skeletal  remains  of  the  Brahman  cattle, 
Bos  indicus,  are  very  similar  to  those  of  the 
bison  and  in  some  cases  may  be  found  under 


conditions  which  could  lead  to  confusion  when 
attempting  a  hasty  identification  of  these  re¬ 
mains  (Olsen,  1959).  A  small  herd  of  Asiatic 
humped  cattle  or  Zebus  ( Bos  indicus)  were 
landed  in  South  Carolina  in  1849,  to  be  used 
for  domestic  purposes.  Zebu  is  a  universal 
term  used  to  designate  the  numerous  breeds 
of  humped  cattle  as  found  in  southern  Asia. 
This  expression  includes  many  breeds  of  Nel- 
lore,  Gyr,  Guzerat,  Krishna  Valley,  etc.  The 
term  Brahman,  as  applied  to  cattle,  is  strictly 
of  U.S.  origin  and  is  used  to  designate  the 
breeds  of  Zebu  or  Bos  indicus  that  are  de¬ 
veloped  in  this  country.  These  breeds  are 
many  and  varied  but  tend  to  be  larger,  heavier 
and  shorter  limbed  than  do  their  counterparts 
of  Asia.  The  descriptions  and  comparisons  of 
those  elements  that  were  deemed  diagnostic  in 
the  Brahman  have  been  included  in  this  study. 
Some  of  the  smaller  elements  such  as  carpals, 
tarsals,  or  caudal  vertebrae  are  usually  poorly 
preserved  or  exhibit  little  in  the  way  of  mor¬ 
phological  features  which  aid  in  separating 
these  three  similarly  developed  animals  and 
their  descriptions  have  been  omitted. 

A  field  manual  of  this  sort,  in  order  to  be 
of  real  service,  must  be  well  illustrated  and 
nearly  self-explanatory  so  that  the  archaeolo¬ 
gist  can  identify  incomplete  specimens  with  a 
minimum  of  additional  research  into  other 
literature  or  reference  collections.  This  con¬ 
tribution  has  been  designed  with  this  in  mind 
and  it  is  hoped  that  it  will  fulfill  the  needs 
of  the  archaeologist  who  has  to  identify  those 
tantalizing  fragments  that  are  usually  cate¬ 
gorized  cf.  Bison  or  Bos. 

When  a  large  series  of  either  Bos  or  Bison 
is  examined,  individual  variations  can  be  noted 
in  the  separate  elements,  particularly  between 
a  'arge  bull  and  a  small  cow  of  the  same  species. 
However,  as  Barbara  Lawrence  (1951)  deter¬ 
mined,  on  examination  of  different  breeds  of 
domestic  cattle,  these  differences  show  up  in 
relative  length  and  diameter  of  the  various 
bones,  but  the  epiphyseal  muscle  scar  charac¬ 
ters  and  articular  surfaces  are  the  same  for 
all  of  them.  When  muscle  scars  are  used  as 
key  characters  (fig.  21,  A-i),  it  is  important 
to  remember  that  the  rugosity  of  the  ridges 
and  prominence  of  the  surface  for  muscle  at¬ 
tachment  may  be  age  or  sex  characters,  the 
specific  characters  being  the  actual  shape  or 
outline  of  the  muscle  scar. 
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Fig.  2.  Proportional  linear  measurements  of  scapulae  of  Bison  and  Bos. 


Although  single  individual  “key  characters” 
may  vary  and  intergrade  when  a  large  series 
of  skeletons  is  examined,  making  the  separation 
of  Bison  and  Bos  difficult,  in  no  instance  was 
it  observed  that  all  key  characters  followed 
this  course  and  prevented  positive  separation 
of  the  2  genera.  There  are  sufficient  features 
in  a  partial  skeleton  (other  than  a  single  bone) 
to  differentiate  between  the  animals  in  ques¬ 
tion. 

The  terminology  used  by  writers  in  their 
osteological  discussions  varies  considerably, 
sometimes  very  confusingly.  For  instance, 
Flower  (1876)  used  astragalus ,  Sisson  (1953) 
used  tibial  tarsal  bone ,  and  Ellenberger,  et  al 
(1949)  used  os  tarsi  tibiale ,  all  for  the  same 
bone  of  the  hind  foot.  Since  this  paper  is  a 
discussion  of  only  the  skeletons  of  the  animals 
concerned,  the  nomenclature  used  by  Sisson 
will  be  followed,  as  this  work  is  a  widely  ac¬ 
cepted  mammalian  anatomy,  still  in  print,  and 
those  readers  wishing  to  refer  to  the  muscula¬ 
ture  or  soft  anatomy  of  the  bovids  may  con¬ 
sult  this  volume.  Although  the  writer  believes 
that  the  terminology  used  by  Sisson  is  perhaps 


not  that  which  is  generally  used  by  palaeon¬ 
tologists  or  archaeologists,  it  is  perhaps  better 
to  follow  this  text  and  be  consistent  rather 
than  to  have  the  more  interested  readers  con¬ 
vert  the  terms  each  time  the  musculature  is 
referred  to. 

Albeit,  after  handling  a  number  of  skeletons 
of  each  of  the  compared  animals,  a  certain 
“feel”  for  the  heavier  bison  bones  is  acquired, 
it  is  essential  that  at  least  one  skeleton  of  each 
of  the  3  forms  be  at  hand  for  the  proper  un¬ 
derstanding  of  the  points  discussed.  At  the 
present  time,  it  is  possible  to  obtain  buffaloes 
from  the  Federal  government  herds  when  they 
are  thinned  out,  usually  each  year,  and  good 
domestic  cow  skeletons  (Brahmans  included) 
can  be  secured  from  many  of  the  ranches  in 
this  country  merely  for  the  asking. 

There  are  2  recognized  subspecies  of  North 
American  buffalo,  the  plains  bison.  Bison  bison 
bison  and  the  woodland  or  “woods”  bison. 
Bison  bison  athabascae  (Miller  and  Kellogg, 
1955;  Skinner  and  Kaisen,  1947).  The  plains 
bison  was  a  former  inhabitant  of  the  Great 
Plains  area  and  the  woodland  race  was  found 
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farther  north  as  dwellers  of  the  mountainous 
country.  This  last  named  form  was  darker  in 
color  and  grew  to  a  larger  size  than  did  those 
of  the  plains  race  (fig.  2). 

However,  for  this  osteological  study  no  par¬ 
ticular  emphasis  is  given  size  alone;  rather,  the 
articular  surfaces,  muscle  scars  and  propor¬ 
tional  measurements  are  shown  to  be  the  diag¬ 
nostic  reference  points  and,  consequently,  no 
attempt  will  be  made  to  isolate  these  2  sub¬ 
species  on  osteological  evidence  alone.  It  is 
seriously  doubted  if,  in  many  cases,  these  sub¬ 
species  could  be  separated  where  identifica¬ 
tions  were  based  on  living  animals,  particu¬ 
larly  in  those  areas  where  the  habitats  of  the 
2  groups  overlapped. 

The  18  specimens  of  Bison  bison  which 
were  available  for  comparison  were  animals 
collected  from  the  wild  herds  of  the  1870’s. 


Nine  skeletons  of  Bos  indicus  (Zebu)  were 
also  checked  and  compared.  These  were  of  un¬ 
designated  breed  and  represented  the  smaller 
types  of  Asiatic  cattle  (fig.  2).  Skeletons  of 
Bos  taurus  representing  the  breeds  of  Holstein, 
Jersey,  Alderney,  Shorthorn,  Devon  and  Aber- 
deen-Angus  were  used  in  this  study. 

One  of  the  discouraging  things  that  came 
to  light  during  the  course  of  this  study  was 
the  absence  of  an  adequate  representation  of 
domestic  animal  skeletons  in  the  collections  of 
our  larger  museums.  None  of  the  collections 
examined  contained  skeletons  of  the  North 
American  Brahman.  The  specimens  used  for 
comparison  and  illustration  were  collected  in 
Florida  and  are  representatives  of  the  Guzerat 
breed,  one  of  the  largest  animals  maintained 
in  this  country. 
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CERVICAL  VERTEBRAE 


Atlas  and  Axis  (fig.  5).  The  first  2  cervical 
vertebrae  display  several  differentiating  char¬ 
acters  that  key  out  or  separate  these  elements 
as  belonging  either  to  Bison  or  Bos.  When 
viewing  the  anterior  notch,  from  a  ventral 
aspect,  the  atlas  of  Bison  presents  a  curved  or 
cup-shaped  margin  (A-3).  In  both  Bos  indicus 
and  Bos  taurus  this  same  edge  tends  to  square 
up  and  form  right  angles  (B-3  and  C-3).  The 
wings  of  the  atlas  in  the  buffalo  form  a  square 
outline  at  their  terminus  (A-3)  while  these 
same  processes  in  the  Brahman  are  more 
rounded  (B-3)  and  those  in  the  domestic  cow 
have  a  tendency  to  be  pointed  (C-3).  In  the 
specimens  of  old  adult  buffalo  bulls  that  were 
compared,  the  vertebral  foramen  of  the  atlas 
approached  a  triangle  in  outline  (A-2)  when 
viewed  anteriorly,  as  compared  with  the  more 
rounded  or  oval  form  of  this  same  opening  in 
the  specimens  of  Bos  that  were  examined 
(B — 2  and  C-2). 

The  axis  of  the  buffalo  has  a  dens  (A-i) 
that  differs  from  that  of  Bos  indicus  (B-i) 
and  Bos  taurus  (C-i)  in  that  it  forms  an  acute 
angle  when  viewed  laterally.  In  both  species 
of  Bos  this  same  margin  has  a  definite  break 
or  angle  occurring  between  the  anteroventral 
angle  of  the  dens  and  its  terminus  at  the  an¬ 
terior  base  of  the  spinous  process.  The  lateral 

THORACIC 

The  vertebrae  in  a  given  region  have  char¬ 
acters  by  which  they  may  be  distinguished 
from  those  of  other  regions  and  individual 
vertebrae  have  special  characters  which  are 
more  or  less  clearly  recognizable.  There  are 
14  thoracic  vertebra;  (fig.  7)  in  the  bison  and 
1 3  in  each  of  the  2  species  of  Bos.  This  is 
usually  a  constant  number  in  Bos  but  14  may 
be  present  or  more  rarely,  only  12.  The  num¬ 
ber  remained  constant  in  the  examined  speci¬ 
mens  of  Bison  bison. 


margin  of  the  anterior  articular  process  also 
forms  a  nearly  right  angle  with  the  long  axis 
of  the  body  of  this  second  cervical  in  both 
species  of  Bos  (B-i  and  C-i),  a  condition  not 
present  in  the  buffalo  (A-i).  In  old  adult 
buffalo  bulls  the  dorsoanterior  angle  of  the 
spinous  process  assumes  a  position  directly 
over  the  forward  tip  of  the  dens  (A-i).  This 
latter  process  in  the  examined  species  of  Bos 
was  observed  to  be  well  in  advance  of  the 
spinous  process. 

Fifth  Cervical  (fig.  6).  The  outline  formed 
by  the  tips  of  the  anterior  articular  processes 
and  the  ventral  branches  of  the  transverse 
processes  of  the  cervicals,  when  viewed  from 
a  posterior  position,  is  rectangular  in  shape  in 
the  Bison  (A-i)  and  more  nearly  square  in 
both  species  of  Bos  (C-i).  The  lateral  branch 
of  the  transverse  process  in  Bos  indicus  has  a 
ridge  connecting  it  with  the  ventral  branch  of 
the  transverse  process  (B-i  and  B-2),  a  con¬ 
dition  at  times  present  in  Bos  taurus  but  not 
so  in  the  examined  skeletons  of  Bison  bison. 
The  summits  of  the  spinous  processes  of  the 
cervical  vertebrae  of  the  buffalo  are  very  little 
expanded  (A-i)  as  compared  with  a  definite 
flaring  of  these  same  processes  in  both  Bos 
indicus  and  Bos  taurus  (B-i  and  C-i). 


VERTEBRAE 

The  second  and  third  thoracic  vertebrae  are 
usually  the  longest,  reaching  a  length  of  20 
inches  in  a  large  buffalo  bull  but  rarely  over 
13  inches  in  Bos  indicus  or  over  10  inches  in 
Bos  taurus.  There  is  a  gradual  diminution  in 
height  of  the  spines  from  the  third  thoracic 
to  the  thirteenth  or  fourteenth  with  an  in¬ 
crease  of  backward  slope.  The  spinous  process 
of  the  second  thoracic  vertebra  differs  in  the 
bison  from  those  of  Bos  indicus  and  Bos  taurus 
by  being  more  restricted  on  the  anterior  outer 
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edge  of  the  middle  of  the  spine  (A-i)  and  by 
having  a  pointed  or  sometimes  squared  sum¬ 
mit,  with  no  overhang,  to  this  process.  In 
Bos  indicus  this  summit  has  a  definite  posteri¬ 
orly  curved  overhang  ( B —  i )  while  that  of  Bos 
taurus  has  an  angle  at  the  anterodorsal  margin 
and  is  in  line  with  the  forward  face  of  the 
main  body  of  the  spine  (C-i).  The  postero- 
dorsal  margin  of  the  summit  has  a  pronounced 
overhang  as  in  Bos  indicus. 

The  eighth  thoracic  vertebra  of  the  buffalo 
exhibits  a  forward  swelling  at  the  summit 
( A— 2 )  as  opposed  to  a  definite  dished  margin 
as  is  present  in  Bos  indicus  (B-2)  or  a  pointed 
tip  as  found  in  Bos  taurus  (C-2).  Bos  indicus 
alone,  of  the  three  compared  forms,  has  a 
notched  summit  on  the  eighth  thoracic  (B-3). 
This  is  at  times  grown  over  on  the  dorsal  sur¬ 
face  to  form  an  eye  rather  than  the  bifurcate 
tip.  Both  Bison  bison  and  Bos  taurus  have  the 


LUMBAR 

The  lumbar  vertebrce  (fig.  8)  disclose  the 
same  instability  in  number  in  Bos  as  do  the 
thoracic  series.  The  usual  count  is  6  in  both 
Bos  indicus  and  Bos  taurus  but  may  occasion¬ 
ally  number  5  (B-i  and  C-i).  The  lumbar 
series  in  all  of  the  examined  specimens  of  Bison 
bison  remained  constant  and  totaled  5  (A-i). 
The  summits  of  the  spinous  processes  of  the 
3  animals  exhibit  considerable  variation  as  to 
the  amount  of  overhang  which  is  present,  so 
that  no  diagnostic  features  were  observed  or 
recorded  for  these  spines.  In  the  buffalo  the 


characteristic  widening  at  tne  tips  or  tnese 
spines  as  found  in  many  of  the  bovids.  The 
last  thoracic  vertebra  is  distinguished  by  the 
absence  of  the  posterior  pair  of  costal  facets, 
and  the  confluence  of  the  anterior  pair  with 
those  of  the  transverse  processes. 

The  spinous  processes  of  the  anterior  tho¬ 
racic  vertebrse  are  largest  in  the  bison  due  to 
the  position  of  the  animals  head  in  relation  to 
its  spinal  column.  A.  B.  Howell  (1944)  ob¬ 
served  that  high  spinous  processes  over  the  an¬ 
terior  thorax  are  characteristic  of  those  mam¬ 
mals  with  extremely  large  heads. 

Because  of  the  angle  of  leverage  that  the 
supporting  muscles  must  maintain,  this  feature 
is  more  pronounced  in  those  forms,  such  as 
the  buffalo,  in  which  the  head  is  habitually 
held  low.  The  length  and  flatness  of  these 
spines  prompted  the  buffalo  hunters  to  refer 
to  them  as  “hump  ribs.” 


VERTEBR/E 

transverse  processes  have  a  tendency  toward 
finishing  off  in  tapered  points  (A-2)  as  com¬ 
pared  with  a  nearly  uniform  anteroposterior 
width  along  the  entire  length  of  these  processes 
as  observed  for  both  species  of  Bos  (B-2  and 
C-2).  The  transverse  process  of  the  first 
lumbar  vertebra  in  Bison  usually  has  a  small 
pointed  projection  situated  on  the  anterior 
margin  of  the  process  and  is  inclined  in  an 
anteromedial  direction.  This  spike  is  not  gen¬ 
erally  as  pronounced  or  is  entirely  lacking  in 
Bos  (A— 2,  B — 2  and  C-2). 


SACRUM 


The  sacrum  (fig.  9)  is  merely  a  composite 
bone  formed  by  the  fusion  of  certain  vertebrae. 
The  vertebrae  number  5  (A-2,  B-2  and  C-2) 
in  all  3  animals  and  form  a  compact  unit  having 
nearly  parallel  lateral  margins.  In  both  Bos 
indicus  and  Bos  taurus  the  lateral  border  of 
the  anterior  end  of  the  body  of  the  first  sacral 
vertebra  reaches  a  point  which  is  in  line  with 
the  parallel  margins  of  the  main  body  of  the 
sacrum  (B— 2  and  C— 2).  These  same  borders 
of  the  dViterior  vertebral  end  in  the  bison  are 
located  at  a  considerable  distance  medially  to 


the  parallel  margins  of  the  main  sacral  element 
(A-2).  The  end  of  the  body  of  the  first  sacral 
vertebra,  when  viewed  anteriorly,  is  more  tri¬ 
angular  in  outline  in  the  buffalo  (A-3)  while 
it  approaches  an  ovaloid  form  in  both  species 
of  Bos  (B-3  and  C-3).  The  wings  of  the 
sacrum  in  Bison  (A-i)  are  more  sharply  in¬ 
clined  in  a  forward  direction  than  are  those 
found  in  Bos  taurus  (C-i).  The  sacral  wings 
of  Bos  indicus  project  laterally  with  no  notice¬ 
able  forward  curve  (C-i).  In  Bos  indicus  the 
last  sacral  vertebra  may  undergo  only  partial 
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fusion  and  terminate  in  a  spool-shaped  pos-  found  in  Bison  bison  or  Bos  taurus  (A-2  and 

terior  sacral  projection  (B-2)  unlike  those  C-2). 


SCAPULA 


The  scapula  (fig.  10)  of  the  buffalo  is  most 
readily  separated  from  the  other  2  forms  by 
comparative  measurements  of  the  blade.  In 
the  bison  the  length  from  the  glenoid  fossa  to 
the  anterior  angle  is  considerably  greater  pro¬ 
portionally  in  relation  to  the  measurement 
from  the  posterior  angle  to  the  anterior  angle 
(fig.  2).  Even  in  a  young  adult  bison,  where 
the  measurement  of  length  approaches  that 


of  Bos  taurus ,  the  width  is  noticeably  less  in 
the  bison.  In  the  examined  specimens  of  Bos 


found  in  the  scapulae  of  the  other  2  animals. 
The  articular  surface  of  the  glenoid  cavity  is 
nearly  round  in  Bos  taurus  (A-i)  while  this 
same  surface  is  more  oval  in  form  in  both 
Bos  indicus  and  Bison  bison  (B-i  and  C-i). 


ARTICULATED  FORELIMB 


The  forelimb  (figs.  11  and  12)  has  been  fig¬ 
ured  in  articulated,  anterior,  medial,  posterior, 
and  lateral  views  to  enable  the  reader  to  com¬ 
pare  relative  size  and  position  of  the  various 
elements  comprising  this  member  of  the  post- 


cranial  skeleton.  Some  of  the  smaller  bones 
such  as  carpals  and  sesamoids  contribute  little 
in  the  way  of  morphological  separation  of 
these  3  animals  and  they  have  not  been  sep¬ 
arately  described  or  illustrated. 


HUMERUS 


The  humerus  (fig.  13)  in  Bos  is  readily  dis¬ 
tinguished  from  that  of  Bison  by  observing 
the  relationship  of  the  medial  and  lateral 
tuberosities  to  the  bicipital  groove  of  the  proxi¬ 
mal  end  of  the  bone  (A-i,  B-i  and  C-i).  In 
Bos  the  medial  point  of  the  lateral  tuberosity 
overhangs  the  bicipital  groove  (C-i)  while  in 
the  bison  this  same  projection  is  directed  to 
form  an  obtuse  angle  of  the  bicipital  groove 
and  has  no  noticeable  overhang  (A-i).  The 
floor  of  the  bicipital  groove,  in  Bison,  slopes 
evenly  from  the  medial  wall  of  the  groove 
to  the  base  of  the  lateral  tuberosity  while  in 
Bos  the  bases  of  the  medial  and  lateral  tuberosi¬ 
ties  are  separated  by  a  pronounced  sw-elling 
(B-i  and  C-i).  When  viewed  laterally  the 
larger  tuberosity  has  a  single  deep  notch  on 
the  outer  margin  of  this  element  in  Bison 
(A-2)  but  this  same  area  in  Bos  is  not  as 
deeply  notched  or  in  most  cases  has  2  lesser 
grooves  occupying  this  same  ridge  (B-2  and 
C-2).  The  distal  end  of  the  humerus  in  the 
buffalo  and  Brahman  have  a  continuous  gentle 
curve  along  the  ridge  connecting  the  main 
shaft  of  the  humerus  with  the  lateral  condyle 


(A-3  and  B-3).  In  Bos  taurus  this  ridge  has 
a  decided  break  or  angle  at  its  junction  udth 
the  main  shaft  (C-3).  The  fossa  for  muscle 
attachment  on  the  lateral  condyle  is  larger  and 
more  irregularly  shaped  in  Bison  (A-3)  as 
compared  to  nearly  round  pits  for  these  same 
excavations  in  the  other  2  animals.  The  ridge 
of  the  medial  epicondyle  in  Bison  forms  a 
nearly  right  angle  with  the  most  distal  margin 
of  the  humerus  when  viewed  from  a  medial 
plane.  The  medial  epicondylar  ridge  in  Bos 
indicus  has  a  decided  outw'ard  deflection  at  its 
most  distal  point  (B-4)  while  this  same  condyle 
projects  w;ell  below  the  distal  limit  of  the 
medial  condyle  and  in  line  with  the  main  mar¬ 
gin  of  the  humeral  shaft  in  Bos  taurus. 

As  stated  at  the  beginning  of  this  summary, 
most  of  the  morphological  differences  found 
in  these  3  compared  forms  are  a  matter  of  de¬ 
gree  of  variation  rather  than  radical,  easily 
seen  characters  and  it  is  necessary  to  have  at 
least  one  skeleton  of  each  of  the  3  forms  at 
hand  in  order  to  make  the  final  decisive  com¬ 
parisons. 


IO 
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RADIUS  AND  ULNA 


The  radius  and  ulna  (fig.  14)  of  the  3  ani¬ 
mals  are  fused  at  various  points  along  their 
surface  of  contact  so  that  when  found  they 
usually  comprise  a  single  unit  and  are  dis¬ 
cussed  here  as  such.  The  proximal  articular 
surfaces  show  too  great  a  variation  and  change 
to  be  considered  for  key  characters.  However, 
scars  for  muscle  attachment  on  both  the  lateral 
and  medial  sides  of  the  radius  have  diagnosti¬ 
cally  separating  features.  In  Bison  the  tuberos¬ 
ity  for  the  attachment  of  the  ligament  of  the 
elbow  joint  (A-i)  is  less  pronounced  and 
more  cupped  than  the  knoblike  projection 
found  in  Bos  (B-i  and  C-i).  The  scar  for 
the  brachialis  muscle,  though  roughened  in 
Bos  ( B— 3  and  C-3),  is  far  smaller  and  less 
excavated  than  the  large  rectangular  surface 


which  is  present  on  the  proximal  end  of  the 
radius  of  the  buffalo  (A-3).  The  shaft  of 
the  ulna,  when  considered  as  a  cross  section 
medially,  forms  a  nearly  right  angle  with  that 
of  the  radius  in  Bison  (A-2)  while  in  both 
species  of  Bos  this  surface  of  contact  is  present 
as  a  gently  curved  plane  having  no  decided 
break  or  angle  (B-2  and  C-2).  The  distal  end 
of  the  radius  in  Bos  taurus  can  be  separated 
from  Bison  and  Bos  indicus  by  noting  the  rela¬ 
tive  position  of  the  2  margins  that  define  the 
facet  for  the  radial  carpal.  In  Bos  taurus  these 
margins  tend  to  converge  in  a  posteromedial 
direction  (C-4)  while  they  remain  nearly 
parallel  in  Bison  bison  and  Bos  indicus  (A-4 
and  B-4). 


METACARPAL  AND  METATARSAL 


The  metacarpal  (fig.  15)  of  the  bison  is 
generally  separable  from  those  of  Bos  indicus 
and  Bos  taurus  by  noting  the  degree  of  fusion 
between  the  tubercle  and  the  posterior  mar¬ 
gin  of  the  articular  surface  for  the  fused 
second  and  third  carpals  (A-i).  In  the  buf¬ 
falo  the  point  of  contact  is  slight,  leaving  the 
2  surfaces  nearly  separate  while  in  both  Bos 
indicus  and  Bos  taurus  the  tubercles  are  com¬ 
pletely  fused  to  the  main  bone  (B-i  and  C-i). 

The  metatarsals  are  distinguished  in  each  of 
the  forms  by  observing  the  relative  positions 
of  the  articular  facets  on  the  proximal  surfaces 
of  these  elements.  In  Bison  bison  the  articular 
surfaces  for  the  first  tarsal  bone  are  joined  to 
the  posterior  articular  surface  for  the  fused 
central  and  fourth  tarsal  bones  by  a  narrow 
neck  or  ridge  (A-2)  but  in  both  Bos  indicus 
and  Bos  taurus  the  posterior  articular  surface 


for  the  fused  central  and  fourth  tarsal  bone  is 
present  as  a  separate  raised  island  (B-2  and 
C-2).  When  viewed  from  an  anterior  plane, 
with  the  bone  held  in  a  vertical  position,  the 
margin  of  the  anterior  articular  surface  for 
the  fused  central  and  fourth  tarsal  bones  ex¬ 
hibits  a  curved  or  at  most  a  widely  obtuse 
angular  margin  in  the  buffalo  (A-3)  while 
this  same  edge  has  a  sharp  step  or  break  in 
both  Bos  indicus  and  Bos  taurus  (B-3  and 
C-3). 

The  distal  ends  of  both  the  metacarpals 
and  the  metatarsals  in  the  bison  have  heavier 
or  more  swollen  surfaces  at  the  area  of  con¬ 
tact  between  the  shaft  and  the  articular  con¬ 
dyles  (A-4).  The  nutrient  foramina  are,  by 
comparison,  larger  and  more  prominent  in  the 
buffalo  (A-4). 


PHALANGES 


The  phalanges  (figs.  16  and  17)  for  both 
the  forelimb  and  hindlimb  do  not  show  sep¬ 
arable  characters  so  are  treated  together  rather 
than  separately  for  each  limb. 

The  first  phalanx  in  the  buffalo  has  more 


of  a  curved  lateral  margin  along  the  distal  two- 
thirds  of  its  length,  when  viewed  anteriorly 
(A-3).  This  same  margin  has  a  straighter 
edge  beginning  at  the  distal  condyle  and  con¬ 
tinuing  toward  the  medial  edge  of  the  proxi- 
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mal  articular  surface  (B-3  and  O3).  The  dor¬ 
sal  surface  of  this  element,  in  the  buffalo,  has 
a  heavier  and  more  pronounced  muscle  scar  on 
the  medial  edge  of  the  center  of  this  bone 
and  a  more  conspicuous  tuberosity  present  on 
the  medial  face  of  the  proximal  end  of  the  toe, 
below  the  articular  surface  (A-4).  Both  Bos 
indicus  and  Bos  taurus  have  noticeably  deeper 
pits  on  the  dorsal  faces  of  the  proximal  ends 
of  these  bones  (B-4  and  C-4). 

The  second  phalanx  has  a  straighter  dorsal 
margin,  when  viewed  laterally,  in  the  buffalo 
(A-2)  while  the  dorsal  prominences  on  these 
bones  as  seen  in  Bos  indicus  (B-i  and  B-2) 
and  Bos  taurus  (C-i  and  C-2)  give  a  decided 
dished  appearance  to  this  same  surface.  The 
imprint  for  the  tendon  on  the  anterior  surface 


of  the  second  phalanx  of  the  bison  (A-i)  is 
comparatively  deeper  than  this  same  scar  for 
the  2  species  of  Bos. 

The  third  phalayix  or  hoof  has  a  straighter 
plantar  margin  in  the  buffalo  (A— 1)  as  com¬ 
pared  with  the  broken  or  curved  outline  of 
this  same  edge  in  Bos  indicus  (B-i)  or  Bos 
taurus  (C-i).  The  outer  plantar  margin  of  the 
hoof  of  Bos  taurus  as  well  as  the  inner  surface 
below  the  anterior  articular  margin  is  heavily 
sculptured  or  deeply  eroded  (C-i  and  C-2), 
a  condition  not  found  in  either  the  buffalo  or 
Bos  indicus  (B-2).  The  inner  margin  of  this 
third  element  in  the  bison  (A-2  and  A-4)  is 
concave  in  appearance  as  opposed  to  a  convex 
margin  in  the  other  2  animals  (B-2,  B-4,  C-2 
and  C-4). 


OS  COX/E 


The  os  cox<£  (fig.  18)  in  all  three  compared 
forms  is  separated  with  difficulty  except  for 
noting  the  marginal  outline  of  the  ilium  in  the 
vicinity  of  the  tuber  coxae.  This  margin  in 
the  buffalo  terminates  as  a  highly  rounded 


point  with  its  apex  at  the  tuber  coxae.  This 
same  tip  is  a  nearly  right  angle  as  seen  in  Bos 
indicus  or  is  present  as  a  roughened  margin 
having  many  steplike  projections  as  observed  in 
Bos  taurus. 


ARTICULATED  HINDU  MB 


The  articulated  hindlimb  (figs.  19  and  20) 
has  been  shown  in  anterior,  medial,  posterior 
and  lateral  views  to  facilitate  the  comparisons 
of  the  various  elements  which  make  up  this 


member  of  the  post-cranial  skeleton.  The 
metatarsals  are  treated  in  the  section  dealing 
with  the  metacarpals  and  the  diagnostic  key 
characters  are  shown  on  figure  15. 


FEMUR 


The  femur  (fig.  21)  in  Bison  has  no  notice¬ 
able  ridge  on  the  surface  of  the  shaft  between 
the  head  and  the  trochanter  minor  (A-i). 
In  both  Bos  indicus  and  Bos  taurus  there  is  a 
definite  raised  area  separating  the  trochanteric 
fossa  from  the  neck  of  the  femur  (B-i  and 
C-i).  The  trochanter  major  in  Bos  taurus  has 
more  of  a  lateral  projection  when  viewed 
from  a  posterior  angle  (C-i).  The  head  of 
the  femur  in  the  bison  has  a  slight  tendency 
to  form  a  lip  at  its  junction  with  the  neck 
(A-2)  rather  than  a  blending  of  these  2  areas 
as  observed  for  Bos  (B-2  and  C-2).  The  com¬ 
plex  of  proximal  anterior  muscle  scars  is 


quite  distinct  and  separate  in  the  buffalo  (A-2) 
as  compared  with  a  fusing  of  these  scar  patches 
in  Bos  ( B— 2  and  C-2).  The  distal  end  of  the 
femur  is  separable  by  noting  the  relative  posi¬ 
tions  of  the  condyles  in  relation  to  each  other 
when  viewed  medially  with  the  shaft  held  in 
a  vertical  position.  Seen  in  profile  the  medial 
condyle  and  the  medial  patellar  ridge  extend 
in  a  distal  direction  to  the  same  degree  in  Bos 
(B-4  and  C-4).  In  Bison  the  epicondyle  and 
the  medial  patellar  ridge  extend  considerably 
farther  in  distal  direction  than  does  the  medial 
condyle  (A-4). 
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I  2 


The  tibia  (fig.  22)  differs  in  the  buffalo  by 
having  a  lateral  condyle  that  extends  farther 
around  on  the  posterior  side  of  the  shaft  and 
ending  in  a  drawn-down  point  at  the  postero¬ 
lateral  corner  (A-i),  whereas  in  Bos  this  area 
is  finished  as  a  rounded  projection  (B-i  and 
C-i).  The  lateral  condyle,  when  viewed  from 
a  lateral  direction  with  the  shaft  of  the  tibia 
held  in  a  vertical  position,  has  a  continuous 
curved  margin  in  Bison  (A-2)  as  compared 
with  an  angular  edge  in  Bos  indicus  (B-2)  or 
a  nearly  straight  surface  in  Bos  taurus  (C-2). 
The  muscle  scars  which  are  prominent  on  the 
dorsal  side  of  the  tibia  below  the  articular  sur¬ 


FUSED  CENTRAL  AND  FOURTH 

The  fused  central  and  fourth  tarsal  (fig.  23) 
is  a  difficult  bone  to  separate.  Only  one  char¬ 
acter  was  observed  in  all  of  the  examined 
specimens  which  was  constant  enough  to  be 
used  as  a  key.  This  character  was  noted  in 
Bison  bison  as  the  continuous  surface  con¬ 
necting  the  distal  articular  surface  for  the 
first  tarsal  and  that  of  the  fused  second  and 
third  tarsals  (A-2).  In  both  species  of  Bos 
the  articular  surface  for  the  first  tarsal  has  a 
tendency  for  being  a  separate  surface  and  in 
most  cases  was  separated  from  the  surface  for 
the  fused  second  and  third  tarsals  by  a  well- 
defined  gap  (B— 2  and  C-2). 


FIBULAR 

The  fibular  tarsal  (fig.  24)  tends  to  be  char¬ 
acteristic  for  Bos  taurus  and  Bison  bison  but 
this  same  element  in  Bos  indicus  is  difficult  to 
separate  from  that  of  the  buffalo.  The  susten¬ 
taculum,  when  viewed  from  a  posterior  plane, 
has  a  definite  downward  deflection  in  Bison 
and  Bos  indicus  (A-5  and  B-5).  However,  in 
Bos  taurus  the  sulcus  for  the  deep  flexor  ten¬ 
don  causes  this  surface  to  be  dished  and  to  pro¬ 
trude  at  a  lateral  right  angle  (C-5).  When 
seen  from  a  medial  view  the  margin  of  the 
sustentaculum  exhibits  a  continuous  curved 


faces  are  quite  stable  characters  in  all  of  the 
examined  forms.  In  both  Bos  indicus  and  Bos 
taurus  the  first  3  scars,  numbering  from  the 
lateral  border,  terminate  near  a  common  point 
below  the  proximal  articular  surface  (B-i  and 
C-i).  In  the  buffalo  the  third  scar  is  con¬ 
siderably  shorter  when  compared  with  the 
other  3  scars  (A-i).  The  distal  end  of  the 
bison  tibia  is  separable  from  those  of  Bos  in¬ 
dicus  and  Bos  taurus  by  noting  the  absence 
of  the  groove  for  the  flexor  digitalis  longus 
(A-3  and  A-4).  This  groove  is  well  developed 
in  both  Bos  indicus  (B-3  and  B-4)  and  Bos 
taurus  (C-3  and  C-4). 


TARSAL  AND  T1B1AL  TARSAL 

The  tibial  tarsal  (fig.  23)  in  Bos  taurus  is 
separable  from  those  of  Bos  indicus  and  Bison 
bison  by  noting  the  position  of  the  medial 
tubercle  in  relation  to  a  line  drawn  across  the 
proximal  margins  of  the  distal  trochlea.  In 
Bos  taurus  the  medial  tubercle  falls  well  below 
this  line  (C-3),  whereas  in  Bos  indicus  or 
Bison  bison  the  tubercle  is  in  line  with  or  is 
above  this  same  line  (A-3  and  B-3).  The  old 
adult  bisons  that  were  examined  had  an  ex¬ 
cavated  area  on  the  distal  posterior  articular 
surface  that  was  not  observed  in  the  skeletons 
of  Bos  which  were  compared  (A-4). 


TARSAL 

outline  in  both  Bison  and  Bos  indicus  (A -6 
and  B-6).  This  margin  in  Bos  taurus  forms  a 
right  angle  with  its  edges  (C-6).  The  anterior 
edge  of  the  body  of  the  fibular  tarsal  is  quite 
dished  in  many  of  the  examined  Brahman 
specimens  (B-2),  a  condition  not  observed  in 
the  other  2  animals  (A-2  and  C-2).  Although 
not  a  constant  character,  it  is  worth  noting 
that  generally  speaking  the  facet  for  the  tibia 
is  round  in  the  buffalo  (B-3)  while  it  is  oval 
in  the  majority  of  skeletons  of  Bos  taurus. 
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FIGURES  3-24 


Figure  3 

Body  forms  of  living  Bison  bison,  Bos  indicus  and  Bos  taurus  illustrating  relative 
proportions. 


Figure  4 

Articulated  skeletons  of  Bison  bison,  Bos  indicus  and  Bos  taurus  illustrating  gen¬ 
eral  body  proportions  and  length  of  neural  spines. 


Figure  5 

Bison  bison.  Axis:  A-i,  lateral  surface.  Atlas:  A-2,  anterior  surface;  A-3,  dorsal 
surface.  Differentiating  characters  indicated  by  heavy  dashed  lines. 
Bos  indicus.  B-i  to  B-3,  same  views  as  for  Bison. 

Bos  taurus.  C-i  to  C-3,  same  views  as  for  Bison. 


Figure  6 

Bison  bison.  Fifth  cervical  vertebra:  A-i,  anterior  surface;  A -2,  right  lateral  sur¬ 
face;  A-3,  dorsal  surface.  Differentiating  characters  indicated  by 
heavy  dashed  line. 

Bos  indicus.  B-i  to  B-3,  same  views  as  for  Bison. 

Bos  taurus.  C-i  to  C-3,  same  views  as  for  Bison. 
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Figure  7 

Bison  bison.  Second  thoracic  vertebra:  A— 1,  lateral  surface.  Eighth  thoracic 
vertebra:  A-2,  lateral  surface;  A-3,  anterior  surface.  Differentiating 
characters  indicated  by  heavy  dashed  lines. 

Bos  indicus.  B-i  to  B-3,  same  views  as  for  Bison. 

Bos  taurus.  C-i  to  C-3,  same  views  as  for  Bison. 


Figure  8 

Bison  bison.  Lumbar  vertebrae:  A—  i,  left  lateral  surface;  A-2,  dorsal  surface. 
Differentiating  characters  indicated  by  heavy  dashed  line. 

Bos  indicus.  B-i  and  B-2,  same  views  as  for  Bison. 

Bos  taurus.  C-i  and  C-2,  same  views  as  for  Bison. 


fit W"" 


Figure  9 

Bison  bison.  Sacrum:  A-i,  dorsal  surface;  A-z,  ventral  surface;  A-3 
articular  surface.  Differentiating  characters  indicated 
dashed  lines. 

Bos  indicus.  B-i  to  B-3,  same  views  as  for  Bison. 

Bos  taurus.  C-i  to  C-3,  same  views  as  for  Bison. 
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Figure  io 

Right  scapula:  A-i,  articular  surface;  A-z,  lateral  surface.  Differen¬ 
tiating  characters  indicated  by  heavy  dashed  lines. 

B-i  and  B-2,  same  views  as  for  Bos  taurus. 

C-i  and  C-z,  same  views  as  for  Bos  taurus. 
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Figure  i  i 

Bison  or  Bos.  Articulated  left  forelimb:  A,  anterior  view;  B,  medial  view. 
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Figure  12 

Bison  or  Bos.  Articulated  left  forelimb:  A,  posterior  view;  B,  lateral  view. 
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Figure  13 

Bison  bison.  Right  humerus:  A-i,  proximal  end,  anterior  surface;  A-2,  proximal 
end,  three-quarter  lateral  view;  A-3,  distal  end,  lateral  surface;  A-4, 
distal  end,  medial  surface.  Differentiating  characters  indicated  by 
heavy  dashed  lines. 

Bos  indicus.  B-i  to  B-4,  same  views  as  for  Bison. 

Bos  taurus.  C-i  to  C-4,  same  views  as  for  Bison. 
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Figure  14 

Bison  bison.  Right  radius  and  ulna:  A-i,  three-quarter  view  of  proximal  articu¬ 
lar  surface;  A-2,  transverse  section  showing  relation  of  fused  shafts 
of  radius  and  ulna;  A-3,  medial  surface  of  proximal  end  of  radius; 
A-4,  articular  surface  of  distal  end  of  radius.  Differentiating  char¬ 
acters  indicated  by  heavy  dashed  lines. 

Bos  indicus.  B-i  to  B-4,  same  views  as  for  Bison. 

Bos  taurus.  C-i  to  C-4,  same  views  as  for  Bison. 
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Figure  15 

Right  metacarpal:  A— 1,  proximal  articular  surface.  Right  meta¬ 
tarsal:  A-2,  proximal  articular  surface;  A-3,  anterior  surface  of 
proximal  end;  A-4,  posterior  surface  of  distal  end;  A-5,  anterior 
surface  of  distal  end.  Differentiating  characters  indicated  by  heavy 
dashed  lines. 

B-i  to  B-5,  same  views  as  for  Bison. 

C-i  to  C-5,  same  views  as  for  Bison. 
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Figure  16 

Bison  bison.  Second  phalanx:  A-i,  dorsal  surface;  A-2,  lateral  surface.  First 
phalanx:  A-3,  dorsal  surface;  A-4,  ventral  surface.  Differentiating 
characters  indicated  by  heavy  dashed  lines. 

Bos  indicus.  B-i  to  B-4,  same  views  as  for  Bison. 

Bos  taurus.  C-i  to  C-4,  same  views  as  for  Bison. 
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Figure  17 

Bison  bison.  Hoof  bone  or  third  phalanx:  A-i,  lateral  surface;  A-2,  dorsal  sur¬ 
face;  A-3,  articular  surface;  A-4,  plantar  surface;  A-5,  medial  sur¬ 
face.  Differentiating  characters  indicated  by  heavy  dashed  lines. 
Bos  indicus.  B-i  to  B-5,  same  views  as  for  Bison. 

Bos  taurus.  C-i  to  C-5,  same  views  as  for  Bison. 
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Figure  18 


Bison  bison.  Left  os  coxae,  lateral  surface. 

by  heavy  dashed  lines. 

Bos  indicus.  Same  view  as  for  Bison. 

Bos  taurus.  Same  view  as  for  Bison. 
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Figure  19 

Bison  or  Bos.  Articulated  left  hindlimb:  A,  anterior  view;  B,  medial  view. 


Figure  20 


Bison  or  Bos.  Articulated  left  hindlimb:  A,  posterior  view,  B,  lateral 
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Figure  21 

Bison  bison.  Right  femur:  A-i,  proximal  end,  posterior  surface;  A -2,  proximal 
end,  anterior  surface;  A-3,  distal  end,  lateral  surface;  A-4,  distal 
end,  medial  surface.  Differentiating  characters  indicated  by  heavy 
dashed  lines. 

Bos  indicus.  B-i  to  B-4,  same  views  as  for  Bison. 

Bos  taurus.  C-i  to  C-4,  same  views  as  for  Bison. 
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Figure  22 

Bison  bison.  Left  tibia:  A-i,  proximal  end,  posterior  surface;  A-2,  proximal  end, 
lateral  surface;  A-3,  distal  end,  posterior  surface;  A-4,  distal  end, 
articular  surface.  Differentiating  characters  indicated  by  heavy 
dashed  lines. 

Bos  indicus.  B-i  to  B-4,  same  views  as  for  Bison. 

Bos  tceurus.  C-i  to  C-4,  same  views  as  for  Bison. 
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Figure  23 

Bison  bison.  Right  fused  central  and  fourth  tarsal:  A-i,  proximal  articular  sur¬ 
face;  A — 2 ,  distal  articular  surface.  Left  tibial  tarsal:  A-3,  anterior 
surface;  A-4,  posterior  surface.  Differentiating  characters  indicated 
by  heavy  dashed  lines. 

Bos  indicus.  B-i  to  B-4,  same  views  as  for  Bison. 

Bos  taurus.  C-i  to  C-4,  same  views  as  for  Bison. 
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Figure  24 

Bison  bison.  Left  fibular  tarsal  bone:  A-i,  anterior  view;  A-2,  lateral  view;  A-3, 
superior  view;  A-4,  inferior  view;  A-5,  posterior  view;  A -6,  medial 
view.  Differentiating  characters  indicated  by  heavy  dashed  lines. 
Bos  indicus.  B-i  to  B-6,  same  views  as  for  Bison. 

Bos  tcrurus.  C-i  to  C-6,  same  views  as  for  Bison. 
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